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SUMMARY

The Squad Weapons Analytical Trainer (SWAT), is an electro-optic
based, microcomputer controlled, training device that enables tactical
infantry weapons training with an M-16 rifle and 16mm motion picture
projectors which simulate a high stress battlefield environment. In a
short period of time a trainee can be subjected to a large variety of
combat situations where each trainee's performance is analyzed in real-
time and immediate feedback is given to both the trainees and instruc-
tor, Combat scenarios can be changed to fit any potential battlefield
requirement,

Prototype models were constructed by the Research and Technology
Department, NTEC, Orlando, Florida for both PM TRADE and the U.S. Marine
Corps. These models were successfully tested by the U.S. Army Infantry
Board (USAIB) for the Directorate of Training Developments, U.S. Army
Infantry School, Fort Benning, Georgia and at Camp Lejeune, North Caro-
lina by the U.S. Marine Corps. It was stated that the tests did give
some evidence of the SWAT system's potential for training transfer (Ref.
9). Furhtlermore, enlisted men, snipers and a variety of General, Field
and Company grade officers who fired and observed the SWAT stated that
it was a valuable training tool (Ref. &).

PM TRADE and USMC sponsored work is continuing on this program to
develop the capability to add other weapons i.e., Dragon, LAW, M-60
machine gun, etc.

The PM TRADE project manager, was Dr. B. Rashis. The authors wish
to thank him for the helpful assistance he gave during this program.
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SECTION 1
INTRODUCTION

The Squad Weapons Analytical Trainer (SWAT) is an electro-optic based,
microcomputer controlled, training device that enables tactical infantry
weapons training with an M-16 rifie, under a simulated high stress battle-
field environment. In a short period of time a trainee can be subjected to
a large variety of combat situations where each trainee's performance is
analyzed in realtime, and immediate feedback is given to both the trainees
and instructor. Combat scenariocs can be changed to fit any potential bat-
tlefield requirement. An artist's concept of the trainer is shown in
Figure I-1. —

Figure I-1. Artist's Concept

This training device provides the trainees or instructor the follow-
ing simulated weapons effects and feedback information:

() Weapon recoil
° Weapon bang
] Magazine action

[ Automatic or single shot simulation
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: 0 Lead and elevation if applicable, is programmed in the system

. Real-time individual audio scoring feedback, using computer gen-
erated voice, via a headset

PRI Soven s rw

] Trainee feedback data displayed in columns on TV type monitor
for instructor observation

SRR ¢ SV

] Reaction time

r :
] Movement of weapon relative to correct kill zone is observed : .
by instructor and recorded for playback. !
i
° Lowest performer indicated to instructor E
[ Identification of trainee responsible for shooting with no tar-

NP

3

get present
° Built-in self-check features
° Score determined

() Hardcopy of scoring results
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3, SECTION I1
SYSTEM DESCRIPTION

hikd This section of the report describes the system. Details of the
system design are included in Section III.

3 - The system utilizes two motion picture projectors: a visual and an
infrared (IR) target spot projector (see Figure II1-1). The visual pro-
jector displays the battle scene including the visual targets. The infra-
red projector provides invisible infrared target areas at which the weapon
: must be aimed in order to score a hit. Lead is programmed into the infra-
¢ red target film, which the weapon receiver detects, requiring the trainee
to lead the target as necessary. Figure II-1 shows the visual target on
the left and the infrared target on the right indicating that the target
is moving to the right.
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P

.. Each trainee has a simulated M-16 rifle with an attached infrared (IR)
receiver. The IR detector is a four-quadrant photodiode. The four-quad-
rant target information and microcomputer logic determines kills, eight
areas of near misses, and total misses. The regions of near miss include
high, low, left, right, high right, high left, low left, and low right.
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When the trainee fires the weapon he hears a simulated bang and feels
a recoil. Recoil is generated by a short pulse of air released near the
front sight which drives the weapon high and to the right. An 8080 based
microcomputer determines where the round would have hit using the detector's
quadrant data and supplies this information to both a computer generated
voice unit and a CRT display on the instructor's console. The computer
voice unit drives both the trainee and instructor headsets. When a target
appears on the screen, the IR projector outputs a target present signal
from the magnetic audio stripe on the film. This signal starts a clock in
the microcomputer which measures the time until the trainee fires, or effec-
tively his reaction time. The target present signal is also used to deter-
mine the number of targets that appeared, targets ignored, targets shot at
and if the trainee fired when no target was present. Trainee results are
continuously displayed in columns on a CRT display on the instructor's sta-
tion. At the completion of the exercise, the results, analyzes and response
time are printed by a terminal at the instructor's station.

Distribution of fire can be monitored using a gallium arsenide laser
infrared source located in the flash hider part of the rifle. The projected
IR laser spot is invisible to the trainee but is detected by an infrared
television camera and displayed by a CRT located on the instructor's console
as shown in Figure II-1. When the rifle is fired the IR spot projector
illuminates the screen with a small IR spot. If the instructor wants to con-
tinuously monitor rifle motion the IR aiming spot is left on continuously
and the laser spot brightens when the trainee shoots. The TV camera
data can also be recorded for playback during debrief.

Figure 11-2 shows the rifle electronics and two projected targets.
Discrimination of the infrared targets is enhanced by projecting the IR
targets at frequencies different from the visual scene signals and amplify-
ing the infrared targets. The motion picture projectors have also been
modigied to incorporate hot and cold mirrors, whose function will be de-
scribed.

\ TRAINEE HEADSET
J COMPUTER CENERATED VOICE
BANG
Y)

FILM AUDIO
INSTRUCTOR COMMANDS

4 QUADRANT DAYA

SINGLE Of AUTO MODE
CLIP DATA
PNEUMATIC SCURCE
TRIGGER DATA

-— TARGET SCREEN FOUR QUADRAN! PHOTO.OETECICR
ASSEMBLY & IR FILTER

'k RECOIL ORFICE PRE.AMPLIFIER
" PROJMCTOP
INFRARED TARGE! 98 M1 SELECTABLE AUTO OR SINGLE SHOT
SIMULATIO AMMO ™
VISUAL TARGET 484s Aozt
‘—, LATCH RESET
o‘" 1 LATCHED
VOLIAGE '
4 QUADRANT DATA ACHVE uLTERs comes ™1 iarcms ouapran
! bara 1o
i MICROCOMPUTIR
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DATA @tA
RIGOER AND SHOT COUNTER DY s1RO8E
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4 1O TRAINEL HEADSEY

Figure 11-2. Rifle Electronics Block Diagram
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g The visual projector contains a hot mirror. This multilayer dielectric

mirror reflects or removes most of the infrared above 750 nanometer from ;
. the visual scene. The infrared projector contains a cold mirror. The cold &
< mirror reflects the visual energy and passes the infrared energy above 750 §

nanometers. This allows a weapon equipped with an infrared receiver to ig-
nore the visual data and obtain its target data from the infrared projector.

projector chopper frequencies. In the visual projector the chopper is a

two bladed equally divided shutter. In the IR projector the chopper is a
four bladed shutter. The visual scene is chopped or shuttered at a frequency
of 48 Hz; the IR data is shuttered at a frequency of 96 Hz. By using two
different chopping frequencies active filters in the weapons IR receiver

can be tuned to detect the infrared target spot and ignore the visual bat-
tle scene. The projectors are frame locked together synchronously.

ri
The S/N ratio of the system is further improved by using two different ﬁ
|
4

,L The rifle uses an IR detector consisting of a lens and a four-quadrant
i photo diode detector to detect infrared targets. An infrared filter is
utilized in the weapon optical system to reduce the visual signal effect on
the photo detector. The photo detector signals are amplified by two bi-FET
operational amplifiers. A voltage comparator sets a threshold to establish
a digital "one" or "zero". The voltage reference level of the comparator
can be set to adjust the level of difficulty. The voltage comparator data
is latched and delivered as input to the microcomputer system for data anal-
ysis, display and feedback.

The rifle can operate in either a single-shot or automatic mode and
requires the trainee to reload after he has fired thirty rounds. The rifle's
simulated magazine contains a capacitor. When the magazine is inserted into
the rifle this internal capacitor is discharged, which resets a counter.

Bang simulation is achieved by filtering a noise source and then pro-
ducing a noise envelope with a sharp rise time and exponential decay.

The training rifle is shown in Figure II-3. The four-quadrant detector
is lTocated on top of the barrel and the flash hider contains a gallium ar-
senide IR laser. The rifle is a replica but contains real sights that are
adjustable. The plastic hose shown attached to the rifle, Figure II-3, is
used to carry the air for recoil.

The instructor's console is shown in Figure II-4. The right hand CRT
displays the verbal data transmitted to each trainee in five columns. The
lowest score is automatically flagged by a LED under the applicable trainees
column. This alerts the instructor so he can more closely observe that
trainee. The left hand side of the console contains a CRT display used to
monitor the weapon motion. Communication to the microcomputer is via a
terminal shown in front of the instructor. See Appendix E for description
of the switches on the console.

3
{




JAP: AR PRI A VR P~ .3

PPRPRe:

o
K e i e S P SR Y Bt e L it L . o e W e e

Figure I1-3, M-16 Training Rifle [
2
|
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i Figure 1I-5. Trainees Firing at Screen
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0 Figure 11-6. Synchronized Visual and IR Projectors
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Figure II-5 shows the trainees firing at the screen. Note each
trainee wears a headset for individual feedback.

Figure 11-6 shows the projectors. Loopers (a closed-loop film strip)
are used so rewinding is not necessary. An auto-stop/auto-align feature
is visible near the loopers.

The computer voice system is a solid state communications processor.
It operates as a standard data terminal to the host 80/20 microcomputer
system. The vocabulary has been digitized and stored in nonvolatile mem-
ory (PROM). The system contains thirty-two individually addressable words
and five independent output channels. Thus, the computer voice system can
talk to any or all of the five trainees while saying the same or different
words or phrases. Each trainee wears a headset so he hears only the feed-
back applicable to his performance.

The system is controlled by a modified Intel 80/20 microcomputer sys-
tem.

Section III, next, describes the system design.
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SECTION III
SYSTEM DESIGN

A.  PROJECTORS

The motion picture projectors are two Hokuskin, 16mm sound projectors
equipped for frame-for-frame sync. The lamp is a 500 watt Xenon-arc, type
KXL-500H. One projector is used as an IR target spot projector. The IR
projector uses a cold mirror to remove the visual energy, Melles Griot,
O3MHGDO7. The transmittance of the hot and cold mirrors are shown in Fig-
ure III-1,

Loopers are utilized instead of reels to eliminate the necessity of
rewinding the film,

Ttn ivo

& \ + L 80 ]

20 [ \ ﬁx . nﬂ /

a0 S 600 100 3 900 1000 1100 12¢u 420 L) 600 700 800 no 100G
WAVELENGTH |* JANOMETERS WAVELELGTH TN NANOMETERS

PERCINT TRANSHTTANCE

Figure III-1. Transmittance of Hot and Cold Mirrors

The projectors are equipped for either optical or magnetic sound re-
production. Sound for the battle scene is recorded for optical pickup on
the visual projector.

Target present signals are recorded on the magnetic stripe of the IR
film. The target present signal is a 1 KHz audio tone, which is decoded
by an electronic tone decoder, Figure III-2.

The battle scene film was both taken and projected using a 25mm focal
length lens to minimize perspective distortion.

The IR projector has a modified four bladed shutter which chops the
IR data at a frequency of 96 Hz. The visual projector has a conventional
two bladed chopper which chops the visual scene at 48 Hz.
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The projectoir s are equipped with an auto-stop feature which allows
the film to be stopped at any desired location by simply placing a foil
metal strip on the desired stop location.

The screen is silver matte, 9 ft x 12 ft overall.
B. RIFLE ELECTRONICS

The rifle electronics detect the IR target spot, amplifies, discrim-
inates and provides digital data to the 8080 based microcomputer.

The detector optics is a single element double convex lens, with a
diameter of 29mm and focal length of 114mm.

The IR detector is a four-quadrant silicon photodiode. This device
consists of four discrete elements on a single substrate with an active
output lead from each element. When the weapon is aimed properly the in-
frared target spot is centered on the detector and the output current from
each quadrant is equal. As the rifle is moved the currents change as a
function of the location of the infrared target spot on the detector. Im-
balance in the current indicates off-center position. The detector has an

_ active area of 0.05" x 0.05" per element with a gap of 0.005" between ele-

ments. The detector physical geometry and spectral response is shown in
Figure III-3.

4 < ACTIVE
y \ % 0.8t T 0.08°

2 .240 -y

ELEMENT

RESPORSIVITY (AMPS/MATT)
-

gg

y,
' 7

/ \

200 300 400 %0 600 700 600 900 1000 1100
WAVELENGTH (NANONETERS)

Figure II1I-3. Photo Detector Spectral Response and Geometry

The field of view of the IR detector is approximately seven inches on
the screen.

The currents from the diode are input to an operational amplifier,
TLO82. The photo diode detector is basically a current source with an
output impedance which is very large. The first stage of the current-to-
voltage converter presents almost zero load impedance to ground because
the inverting input appears as a virtual ground. The input current from
the diode flows through the two Megohm feedback resistor, generating an
output voltage.
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voltage = ig R
out
where
Rp = 2 Megohm
ig = detector current

A separate channel is used for each of the four quadrants. The out-
put from the current-to-voltage amplifier goes to a noninverting amplifier
with a gain of 23. This stage is also part of the TL0O82. The electronics
described above is located on Board #1, Pre-Amp. (Figure I1I-4)

Input signals to the active filter are 48 Hz from the visual scene,
96 Hz from the IR target spot and any extraneous light. The active filter
is used to pass and amplify the desired IR signal at 96 Hz and reject all

other signals.

The UAF - 41 is a two pole active filter. It uses three operational
amplifiers in a double integrator feedback loop to generate two conjugate
poles. Location of the poles in the complex plane, and thus the natural
frequency and Q are determined by external resistors.

The equivalent configuration of this band pass filter is shown in Fig-
ure III-5. The filter is designed for a 96 Hz center frequency with both
a Q and gain of 50.

Lsu]ttf
15 8
RZ R

INPUT

SIGAL 1.2

Figure 1I1-5. Bi-Quad Active Filter

Both the active filters and voltage comparators are located on Board
#2, Figure 111-6. The output of the active filter is a sine wave with a
frequency of 96 Hz. The output sine wave goes positive and negative about
a zero volt reference level. This output is clamped and fed to a voltage
comparator. The voltage comparator changes the analog detector signal to
a digital signal. The input signal level for a one or zero is determined

13
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by a resistor or reference voltage setting. Each of the four voltage com- -
parator channels has its own reference voltage setting resistor, i.e., R33, &
R34, R35, and R36. The reference voltage setting controls the degree of |
difficulty in hitting a target. The detector signals next go to ICl, a -
7408 AND gate, Board #3, Figure III-7. If the trainee pulls the rifle =
trigger and has rounds remaining in his magazine, the NAND gate is enabled 2
: by an input from Board #4. Board #4 is shown in Figure III-8. IC2 and o
P IC3, Board #3 are 9024 JK flip flops configured as latches. Each 9024 has |
2 two latches. The 9024 is reset by the microprocessor after it has accepted H
the four-quadrant IR target spot data. IC4, Board #3 is a line driver. 3

Board #5, Figure III-9, is connected to the rifle trigger. IC1, a k
5437, containing NAND gates, debounces the trigger and applies 5 volts to
IC3. 1IC3, a timer, provides pulses of 12 Hz, which is the firing rate of
the weapon. A one shot is also triggered and provides a single pulse.
The output of Board #5 is determined by the setting of the single or auto
fire switch on the simulated weapon. The setting of auto or single shot
determines which gate on IC1 is active. If the trainee is in auto fire
pulses at 12 Hz are provided Board #2. 1IC3 on Board #4 has a gate which
will pass the signal if the counters ICl, IC2 on Board #4 indicate rounds .
are left. The counter enables IC1 on Board #3 and also enables the data )
i ready pulse provided by IC4 on Board #4 to the microprocessor. IC4 is a
one shot which generates a 10 usec data ready pulse for the microprocessor
to indicate data is available. After the microprocessor has read the data }
it resets the latches; IC2 on Board #3. ~ -

R e R e At

-

The one shot I1C6, Board #4, Figure III-8, is used to reset the counters,
The dummy magazine contains a capacitor. In the "loaded" configuration the . -
capacitor is charged to 5 volts. The magazines are easily loaded or charged
by momentarily inserting them into a charging fixture.

When the dummy magazine or capcitor is inserted in the rifle it dis-
charges through R4, providing the counter reset voltage. The magazine is
reloaded by charging the capacitor in the magazine to 5 volts.

AN

C. COMPUTER VOICE AND AUDIO SYSTEM

The Computer Voice System is a Business Communicator Model LVM-70 manu-
factured by VOTRAX, the Vocal Interface Division of Federal Screw Works,
Troy, Michigan. The LVM-70 was designed specifically to be used as a con-
centrator for touch-tone based information systems.

R I A P SN

Up to 32 words (16 seconds) are available with up to eight audio out-

put channels. The trainer utilizes an output channel for each trainer. )

When a shot is fired by a trainee the host computer (80/20) decodes the in- . \
coming rifle data and then sends three bytes of serial data to the LVM-70
specifying a start word, a trainee identification word, and the appropriate
voice response code. The voice output Jine for each trainee is routed to
the trainees audio mixer/amplifier, Board #6, Figure III-10, as well as the
instructor's control panel. ‘ .

| The LVM-70 voice communicator can be replaced in later models for rough-
i ly 1/4 the original cost, due to technological advances.

| 16
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Each trainee's audio system consists of two stages of audio amplifi-
cation. A Texas Instrument's TLO74 low noise, quad, dual operational amp-
lifier, ICI, is used. Consequently, two trainees are handled by a single
TLO74 (Figure III-10). The first stage of amplification is primarily an
audio mixer. Five independent channels are mixed into one. These five
channels consist of the computer voice feedback system, the instructor com-
munication line, the synthetic rifle bang, coordinated battliefield sounds
and general battlefield environment sounds. The instructor uses an identi-
cal mixer/amplifier channel but his inputs consist of the various computer
voice responses to the trainees. The instructor selects which trainee he
desires to hear by pushing the appropriate switch on the instructor control
panel.

Each of the five inputs to the mixer stage as well as the final output
stage have their own volume control.

D.  BANG AND RECOIL SYSTEM
1.  BANG SYSTEM

An electronic bang is presented to the trainee via his headset when he
has fired a shot. The bang board, Board #8, Figure I1I-11, produces the
synthetic gunshot sound and passes this sound to the trainees audio mixer/
amplifier Board #6, Figure III-10. The bang is produced by generating ran-
dom noise, due to diode D1 being biased near its breakdown voltage, and then
using the FET to generate an envelope for this random noise. This envelope
consists of a sharp rise time and an exponential decay which corresponds
closely to a gun shot noise envelope. Specifically, the diode D1 produces
random noise which is amplified by 1/2 of ICl, a dual operational amplifier.
This amplified random noise is presented to the drain of the FET. The FET
does not pass this noise until its gate is presented the sharp rise and ex-
ponential decay envelop representing an actual rifle shot sound envelope.
The sharp rise of voltage on the gate of the FET is produced by IC2 changing
to a high state; 5 volts. When IC2 changes back to a low state, @ volts,
the diode D2 isolates the gate of the FET from being pulled down to an off
state and allows the RC network consisting of R6, R12, and C7 to exponen-
tially decay the residual voltage thus producing decaying gunshot envelope
of noise. The source of the FET thus produces on demand random filtered
noise within an envelope resembling a gunshot bang. The second half of ICl,
an operational amplifier, produces final amplification of this sound before
passing the output to the students audio mixer/amplifier.

2.  RECOIL SYSTEM

The recoil system consists of three major parts: air hose, recoil
board, and the air valve.

The air hose follows the electrical cable up to the rifle and into the
butt of the weapon. The hose is a lightweight, nylon reinforced, dimention-
ally stable air line hose. After entering the butt of the rifle it runs
forward and attaches to the rifle barrel. The barrel is plugged at the tip
end and an outlet orifice has been drilled on the bottom of the barrel near
the tip end. The orifice is pointing down and 30 degrees to the left which
produces a thrust up and to the right when a shot is fired.
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The recoil circuit, Board #7, consists of a 555 integrated circuit p
timer, IC2, and a darlington pair transistor driver circuit for the recoil
air valve. The 555 timer is set for a nominal 20-25 msec duration. The
variable resistor R2 serves to regulate the timing duration (Figure I1I-12).

The recoil valve is a pilot operated solenoid valve. Because it is
pilot operated, the on-off rise and fall times for actuation are very short
and power consumption is only 8.5 watts.

E. DISTRIBUTION OF FIRE AND WEAPON MOVEMENT MONITORING

Distribution of fire and weapon movement can be monitored and recorded
during a training exercise for playback. The system allows the instructor
to view where the weapon is aimed relative to the IR target spot. This fea-
ture is completely independent of the basic system.

An IR light source is used on the weapon. The infrared light source
used in the system is a semiconductor, gallium arsenide laser. The laser is
collimated by a simple plano convex lens. The laser is attached where the
weapon flash hider is located. If the instructor wishes to view the loca-
tion of the trainees weapon, he selects the laser he wants turned on and
holds down a button on the instructor's console. The instructor is able to
view both the projector IR target and laser spot from the selected trainee's
rifle. This information is detected using an RCA TC 1005/HO1 low bloom sili-
con target Vidicon and closed circuit video equipment. The TV display tube ~--
is located in the instructor's console and the TV camera near the motion pic-
ture projectors.

The laser spot brightness seen on the TV is a function of the pulse re-

petition frequency (prf) of the gallium arsenide laser. Two modes are avail-
able:

0 Flash only
() Track plus flash

In the flash mode only, a single flash occurs when the trainee fires.
In the track and flash mode, the*instructor sees a point of laser light on
the screen all the time, which moves as a function of where the trainee is
pointing; when the trainee fires, a brighter flash occurs.

Laser energy reflected off the screen is eye safe. However, the trainee
should not point his weapon in another trainee's eyes as eye damage can occur
from looking directly into the laser beam.

The laser timing signals are generated using Board #10, Figure III-13.
The laser pulser, Board #11, is shown in Figure I1I1I-14.

The laser pulser uses a SCR, GA201 to discharge capacitor Cl. Q1 is
used to allow rapid recharge of Q1. The laser is a 5 watt peak power laser
with a nominal 50 nanosecond pulse width. _
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F.  RIFLE MOCKUP

The rifle mockup is manufactured by Replica Models, Inc. It is not
designed to accept a round of ammunition and cannot be converted to accept
ammunition. The original replicas received from Replica Models have been
extensively modified to perform satisfactorily as a trainer. The original
barrel plug was removed and moved to the front end of the barrel to accom-
modate the recoil. A recoil orifice was then machined and an electronic
board was installed within the handguards. To accomodate boresighting,
the original molded-on nonadjustable front and rear sights were replaced
with adjustable front and rear sights. The mode selector switch was modi-
fied to reflect the real MI6E1 mode positions; the trigger mechanism was
1 modified for better performance; microswitches for the trigger and mode
3 selector switch were installed; and magazine sensing contacts were in-
stalled for reloading simulation.

P T PAT TA u-@ﬂ

An optical four-quadrant detector and optics are mounted above the i
barrel and below the sights. A solid state laser and optics for point of
aim information has been inserted in the flash hider position.

Air for the recoil and electronic wiring approach the rifle from the L
bottom rear of the butt of the rifle. The true weight of the MI6El was re-
stored by removing unused mechanism from the upper receiver. The true bal- :
ance was maintained through equal weight additions, i.e., the detector/ !
laser combination at the front end of the rifle offset the hose and elec- i
tronic wire harness at the butt end of the rifle.

Special test equipment is included in Appendix B. <.

G. MICROCOMPUTER CONTROL SYSTEM
The 8080 Microprocessor Based Control System performs these functions:
° Interrogates the instructor for session parameters
] Stores session parameters for final hard copy
° Determines if self-check is desired, and reacts accordingly

' Initializes peripheral LSI chips and zeros memory storage

-

() Inputs rifle data, decodes and stores it

[ Measures response time for first rifle shot at new target for )
each of four or five rifles §

° Outputs shot results to audio feedback and instructor's CRT

° Identifies shooter making most errors and sends the identifica-
tion to the instructor's console "LEDS"

° Updates shooter's results file




) Checks for session end and terminates the data collection mode H

upon the instructor's signal '

) Computes trainee's av2rall score Q

° Prints trainee's results on the instructor's electronic data ter- ﬁ

minal §

1. SINGLE BOARD COMPUTER %

The SWAT System is controlled by a modified INTEL 80/20-4 Microcompu-~ k

i ter System, Reference 6. This microcomputer system, which is based on the A
INTEL 8080 microprocessor, includes an enclosure with front panel controls, £

power supply, cooling fans, and a card cage in which is located the main ’

80/20-4 board as well as the interface board (IFB), which is described below. ?

i

% a. 80/20-4 MODIFICATIONS 4
£
A number of modifications are required before the SBC 80/20-4 can ?

} be used in UIWT/SWAT Version 1.2. These are detailed below with page iden- i
j tifications to be found in Reference 6 unless otherwise noted. ;.
(1) Pull-up resister packs, SBC-902, page 2-5, must be in- %

serted in socket A5 and A6 as input terminators for port 2 at address E6.
These terminators were supplied with the 80/20-4 systems as Beckman part
number 1899-747-0, 3000645-01. 2

(2) 1Insert inverting line drivers, either #7437 or #7400,
in sockets A3, A4, A9 and A10 for output ports 3 and 6 at addresses E6 and
EA. See pages 2-4 and 4-24,

v

(3) Solder a jumper between J3-8 and J3-10 using the solder
points on the rear side of the board. This connects "Request to Send" to
“Clear to Send". See Table 2-5, page 2-7.

(4) Wire wrap A jumper from pin 1, a 5 volt source, near
J3 pin #25 and solder it to a through hole just below "C9" between A15 and
; A16 on the front of the board. This should put 5 volts onto J3-16 “"REC
' LINE SIG DETECT" which goes to the "DATA CARRIER DETECT" of the 743 TI ter-
minal. Otherwise the terminal will not function. See page 27 of Reference 1.

[ ey

' (5) Change the wire wrap jumper which exists between pins
' 141-142 just above A22, the 8253, to a jumper between pins 141-143., This is
an option which connects the clock input for counter 1 of the 8253 to the

e

i. output of counter f. See page 4-21,
(6) Interconnect wire wrap pins 11 and 12 near the upper
‘ ’ right hand corner of the board. These are the protect and signal grounds
H .. for the Tl 743 terminal. See page 27 of Reference 1.

(7) Scratch through the line going from the transmit data
(TXD), pin 19 of the 8251 USART, to the SN75188 (MC1488) line driver. Con-
nect the 8251 side to J1-50 with a jumper wire and connect the driver side
to J2-50. This allows the interface board to switch the serial output be-
tween the VOTRAX and the control console.

27
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W 4
(8) Remove the jumper from wire wrap pins 52-53, located - »

just below the left part of the leftmost 8255 and put a jumper between

pins 51-52. This enables port 1 as an input. See Figure 5-2 (sheet 4 of 5).

Check that a jumper exists between pins 71-72 to enable port 4 as an output. ,
(9) Connect the 80/20-4 front panel interrupt switch into

the interrupt controller as interrupt #7. To do this, connect pins 36, 37,

38, and 39 together and also to pin #45,

(10) Make the required modifications to use 2716 2K byte
EPROMS. These are given in Table 2-12, which is entitled "Jumper Changes
For Optional 8K EPROM Installation". See page 2-15.

REMOVE INSTALL

W2, A-C W2, A-B  Between A45 and A46

W4, B-D W4, A-D Above A78 :
W4, C-E W4, B-E  Above A78 _—
W7, A-B W7, A-D Below A79

W8, A-C W8, A-B  Below A79

€35, 53 and 72 Above A37 and Below A64 and A79 7
2. THE INTERFACE BOARD

. . M ‘
A1l input/output (I/0) operations of the SBC 80/20-4 microcomputer ~ 7
pass through the interface board (IFB). These operations can be divided
into three categories. ¢
° Rifle communications
(] 1/0 through the 8751 "USART" o

] Output through the UPI-41, 8741 Universal Peripheral Interface

Figure III-15 is a block diagram of these data paths and their asso-

ciated control lines. More details are shown on Figure III-16 through
I11-19.

a. RIFLE COMMUNICATIONS

IR spot quadrant detector data are input from each rifle to a
separate 8212 eight-bit input/output port chip on the IFB. A trigger-pull
signal is also sent from each rifle to its associated 8212. Upon sensing
a trigger signal, the quadrant data are latched into the 8212 buffer and
an interrupt signal requesting service is output from the 8212 to the main
board through input port 1. The service request lines from all five 8212s
are "ORED" together onto a single line which also goes to port 1 to signal
that at least one 8212 requires service. AS long as this ORED line indi-
cates a service need, the microcomputer polls each 8212 service request
line in turn. When one is detected that needs service, the address of the
8212 res?onsible for the request is output from port 3 on the main board
to a 9311 one-of-sixteen decoder on the IFB. A data read signal is then
output from port 6 to the 9311, which commands the 8212 to place the con-
tents of its latched buffer on the common data bus.
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Figure I1I-15. 80/20-4 Main and Interface Boards
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Each of the other four unaffected 8212 chips may also contain ’ !
data, but are held temporarily in an inactive "three-state" and present '
a high impedance load to the bus. The only quadrant data available at
the main board port 2, therefore, are from the 8212 being serviced. These
data are read into memory and the data read signal to the 9311 is removed.

This removes the read command to the 8212 and clears its interrupt service r
request. A pulse is then sent from port 6 to the 9311 which issues a re- ‘
set signal frem the IFB to the rifle electronics associated with the ser- : d

viced 8212.

The serviced 8212 is now in three state, its service request line
is off and it is ready to latch in new data upon receiving the next trigger-
pull signal. In the meantime, if other 8212 chips need service as indicated
by assertion of the ORED line, the computer polls the next 8212 interrupt
line. If it needs service, the process is repeated; if not, the next 8212
service line is polled in sequence. This continues until the ORED service
line goes off and the computer moves ahead with the remainder of the program.

A "Target Present" signal from the IR spot projector is carried
directly through the interface board to the main board through input port 2.
The target present information is recorded and used during scoring to iden-
tify a valid target.

b. USART 1/0

The control terminal is an electronic data terminal operating at ¢
a rate of 300 bits per second, Reference 1. At the initiation of each ]
training session, the computer connects the output serial data stream from . !
the 8251 programmable communication interface or Universal Synchronous/Asyn- i
chronous Receiver/Transmitter (USART) to the terminal. The computer, there-
fore, is able to carry on a two-way conversation with the squad leader in g
order to obtain "initialization" data as shown on Figure 6. The computer L
questions the squad leader and prompts for answers by issuing the character
II>I|.

During the actual training session, the USART output is switched
to the digitized word audio system. When the session is finished, the squad ]
leader strikes/presses the start/print button on the instructor's console
and USART output is again directed to the terminal which types out hard copy
scores, as also shown on Figure III-20.

c. UPI-41 MICROCOMPUTER OUTPUT

During a training session, console CRT data are output in parallel
from port 6 of the 80/20-4 single board computer to an 8741 Universal Peri-
pheral Interface Slave Microcomputer (UPI-41) on the IFB. The UPI-41 de-
codes the parallel data and sends a 19,200 BAUD, 7 bit ASCII data stream to
the console CRT. The console CRT translates the serial data stream into a
score message and displays the message in the column reserved for the appro-
priate rifle. The UPI-41 also monitors the setting of 5 control switches,
one for each rifle which allows the squad leader to inhibit the display of
scores for any or all rifles.
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WANT ID YES OR NO

NO
LET'S START
RIFLE: 1

YOUR RESULTS ARE:

TOTAL SHOTS: 99
HITS: 16

MISSES: 29

LOWS: 2

LOW RIGHTS:

RIGHTS: 6

HIGH RIGHTS: 3
HIGHS: 4

HIGH LEFTS: 8
LEFTS: 22

LOW LEFTS:

NO TARGET: 9
TARGETS IGNORED: 8
TARGETS SHOT AT: 30
AVERAGE TIME: 1.2 SECONDS

OH WELL: THERE'S HOPE IF YOU SPEED UP
YOUR OVERALL SCORE IS: 37
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"INITIALIZE™ PORTION OF TRAINING
SESSION

SESSION PROPER.

NO OUTPUT TO TERMINAL . OUTPUT
IS VIA VOTRAX DIGITIZED AUDIO
WORDS & CONSOLE CRT. THIS
PHASE 1S TERMINATED BY AN
INTERRUPT FROM TERMINAL.

"PRESENTATION OF RESULTS"

Figure I1I-20. Typical Printout Format on Terminal
(Continues for al)l 5 rifles)




The UPI-41 system description is divided into four parts: part
1, a functional summary and a component interface description are presented.
Performance criteria are also established in this section. Part 2 describes
the facilities available within the UPI-41 and explains their use in the pre-
sent application. Part 3 describes the UPI-41 control program and part 4
evaluates the system with respect to assumption validity, performance criteria,
and maximum system capabilities. The source program is given in Appendix D.

d. UPI-41 MICROCOMPUTER OUTPUT II
(1) System Description
The function of the intelligent controller is to receive paral-
lel data from the SBC 80/20, decode the data, and cause a message to appear
on the ADM-3A screen based upon the content of the data received. The con-
trol switch settings also affect controller operation, but only secondarily.

A block diagram showing the system component relationships
appears in Figure II[-21.

INTELLIGENT
CONTROLLER

1

CONTROL
SWITCHES

Figure III-21, UPI-41 Intelligent Controller System Block Diagram
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The following describes the three component interfaces shown
in the figures: SBC 80/20 to controller, controller's to ADM-3A, and con-
trol switches to controller.

(a) SBC 80/20 To Controller Interface

|
The SBC 80/20 to controller interface is comprised of ‘
three sets of connections. The first set, consisting of 8 data lines and
1 control line, are the data transfer connections. The second set consists
of the clock connections while the third set consists of only one connection,
the initialization connection.

1. Data Transfer Connections

i | The 8 data Tines of the data transfer set connect

' an 8 bit output port on the SBC 80/20 to the 8 bit Interface Register of

the UPI-41. There are six I/0 ports on the SBC 80/20 numbered 1 through 6
(1). These ports are divided into the Group A ports, 1-3, and the Group B
ports, 4-6. Each port group corresponds to a single 8255 Programmable Peri-
] pheral Interface, PPI. Port 4 of Group B is programmed as an output

E . port and used for the SBC 80/20 to UPI-41 data connection.

To transmit data to the UPI-41, the SBC 80/20
places data on port 4 and sends a Data-Available pulse to the UPI-41 over
the control line. The Data Available pulse is software generated and is
transmitted through port 3 of Group A 8255. The length of the Data Available
pulse is set by the time required to execute the instructions necessary to
change the logic level of the control line twice, first from high to low,

é then from low to high. For the SBC 80/20 this results in a 10 microsecond
! _ pulse. The maximum pulse Tength to the UPI-41 is set at twice the instruc-
‘ : tion cycle length, or 6.5 microseconds; therefore, the 10 microsecond

Data Available pulse is sent to the one shot within the controller where it
is shortened to 1 microsecond. The 1 microsecond pulse from the one shot
supplies the WR input to the UPI-41. On the rising edge of this pulse the
data on the SBC 80/20 output port is latched into the UPI-41 Interface Regis-
ter. SBC 80/20 to controller data transfer connections are illustrated in
Figure I11-22.

A BT s DL I
Baye.

. Each byte of data transferred from the SBC 80/20
; ; to the UPI-41 contains two kinds of information encoded into separate fields
within the byte., The three most significant bits contain a source identi-

é fier encoded in straight binary, and the four least significant bits contain
a message identifier, also in straight binary, see Figure II[-23. Bit four
P i is not used.
§ . The rate of data transfer from the SBC 80/20 to
: 4 the controller can be characterized by three separate data transfer rates of
? . which the last two will be of interest. The first two rates are determined
by the SBC 80/20 input configuration, Figure 111-24, while the third is de-

termined by the input configuration in combination with the SBC 80/20 data
processing rate.

The SBC 80/20 input configuration consists of 5
input sources, where each source contains a data latch and a service request
line, When data is latched into one of the sources, the SBC 80/20 receives -
a service request signal from that source. For each service request that i
the SBC 80/20 responds to, a data byte will be sent to the controller. '

OC:
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PRSP L it

SBC 80/20

GROUP A

PORT 1
PORT 2

PORT 3

GROUP B

CONTROLLER

ONE

SHOT g "

ONE SHOT
urI-41

PORT 4

PORT 5
PORT 6

INTERFACE
REGISTER

D87

DBO

Figure I111-22. SBC 80/20

MOST SIGNIFICANT

to Controller

LEAST SIGNIFICANT

BIT BIT
BIT7 BITO
L s l .~ -/
v vV
SOURCE UNUSED MESSAGE
IDENTIFIER IDENTIFIER

Figure I1I-23. SBC 80/20 to UPI-41 Data BYTE
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Figure I11I-24.
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SERVICE REQUEST 1

SERVICE REQUEST 2

SBC 80/20 CONTROLLER

SERVICE REQUEST 3

SERVICE REQUEST 4

SERVICE REQUEST 5

SBC 80/20 Input Source Configuration




RIERY

The first data transfer rate is the average
transfer rate and occurs when the 5 sources are initiating service re-
quests at their norminal rate. The second data transfer rate is a peak
average rate, and occurs when all 5 sources are initiating service re-
quests at their maximum rate of 12 per second. This condition results
in a peak average rate of 12 x 5, or 60 transfers per second. The third
data transfer rate is the maximum rate, and occurs anytime there are sim-
ultaneous service requests to the SBC 80/20. This rate is determined by
the processing rate of the SBC 80/20 Analysis using: (1) real-time
emulation under control of Intel's In Circuit Emulator, ICE-80, (2) tabu-
lation of instructions executed and their execution time and (3) experi-
mental determination, indicates that the SBC 80/20 processing rate is
approximately 200 inputs per second.

As indicated before, the peak average transfer
rate of 60 transfers per second, and the maximum transfer rate of 200
transfers per second are the relevant quantities characterizing the data
transfer interface.

To keep up with the SBC 80/20 over extended per-
iods, the processing rate of the UPI-41 must equal or exceed the SBC 80/20
peak average transfer rate, and to keep up with the SBC 80/20 when simul-
taneous service requests have occured, the reception rate of the UPI-41
must equal or exceed the SBC 80/20 maximum transfer rate.

The requirement on the UPI-41 processing rate will
be used in the sequel to determine the baud rate used in the controller to
ADM-3A interface, while the requirement on the UPI-41 reception rate will
be used to establish the necessity of a data queue within the UPI-41,

One final point is that there are no provisions
for the UPI-41 to indicate that it is ready to accept a data transfer from
the SBC 80/20. Thus, the data queue mentioned above will be filled by an
interrupt driven procedure. This technique will assure that a data byte
has been removed from the Interface Register before an additional data
transfer can occur.

2. CQlock Connections

The clock connections supply the UPI-41 clock in-
puts, X1 and X2. A single 1ine from the SBC 80/20 supplies the controller
with a 9.216 megahertz clock which the SBC 80/20 makes available as the
BCLK output. Within the controller, the BCLK frequency is divided in half
by a 7474D flip flop. This division is necessary to bring the BCLK fre-
quency within the 1 to 6 megahertz operating range of the UPI-41. The Q
and Qo outputs of this flip flop supply the UPI-41 inputs, X1 and X2, with
a 1800 out of phase 4.608 megahertz clock. While the UPI-41 is capable of
generating its own clock by connecting a crystal to the X1 and X2 inputs,
the BCLK frequency is used since the standard asynchronous communication
frequencies can be derived from it. The clock connections are shown in
Figure 111-25.
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SBC 80/20 CONTROLLER
9.216 MHz 4.608 MHz| UPI-41
BLCK D Q prmeme——eeid X
4.608 MHz

"

Figure III-25. SBC 80/20 to Controller - Clock Connections
3. Initialization Connection

The initialization connection is between INIT out-
put of the SBC 80/20 and the RESET input of the UPI-41. A low going pulse
on this line causes the control program of the UPI-41 to begin execution
at location 0.

(b) Controller to ADM-3A Interface

The controller to ADM-3A interface consists of a single line
which originates from line 0 to port 1 on the UPI-41, passes through the
75188 inverting line driver, and terminates on the Receive Data, RXD, input
of the ADM-3A. The line driver converts the TTL output of port 1, 0 - 5
volts, into RS-232C logic levels of + 12 volts.

Information is transmitted from the UPI-41 to the ADM-3A
serially using 7 bit ASCII code under the RS-232C communication protocol.
For this application, the number of bits per character has been minimized by
using a single stop bit and no parity bit. For a given serial transmission
rate this configuration will result in the fastest possible character trans-
mission time. This time is an important consideration, as each parallel
byte received by the controller from the SBC 80/20 will require a 22 char-
acter message to be transmitted. With the single start bit, the 9 bit ser-
ial character appears as shown in Figure I11I1-26.

SRR TR i
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L

— —
2134 |5]|6]7 TIME

¢
‘ v ' [ 'Y | [ _’
“®VARKING  START DATA STOP MARKING
BIT BITS BIT

Figure III-26. Serial Transmission Character

Each data byte received by the UPI-41, except as noted in the
next section causes a string of 9 bit characters to be sent from the
UPI-41 to the ADM-3A, a 24 line by 80 character CRT display.

The function of the ADM-3A is to provide three kinds of informa-
tion concerning the SBC 80/20 inputs to an observer. The ADM-3A displays
a message, indicates the SBC 80/20 source corresponding to the message,
and reflects the order of input occurrence. The message is indicated by
the characters displayed on the screen. The source is indicated by divid-
ing the ADM-3A screen into 5 columns of equal width, with the first column
reserved for source 1 messages, the second column for source 2 messages,
and so on for the five sources. The order of inputs is indicated by scroll-
ing the display 1 line each time a message is displayed.

For a screen width of 80 characters, and not allowing an overlap
of columns, the message field for each source is limited to the integer
portion of 80/5, or 16 characters. The ADM-3A screen use is illustrated
in Figure III-27.

To implement the function of the ADM-3A as described above requires
that 22 characters be sent to the ADM-3A for each SBC 80/20 to controller
transfer. The 22 characters are sent in 3 groups: a cursor control group,

a message group, and a display control group.

The first group sent, the cursor control group, contains four
characters which cause the cursor to the ADM-3A to position itself at the
beginning of one of the five message columns. The first two control charac-
ters "escape" and "equals", activate the ADM-3A cursor positioning logic,
while the next two characters are interpreted as the X and Y coordinates of
the new cursor position, respectively. The Y coordinate sent is always the
same, 037H, and selects the bottom 1ine of the display. The X coordinate
is determined by the SBC 80/20 input source.

The second group sent, the message group, contains 16 characters.
These characters will be printed on the screen of the ADM-3A in the message
field whose beginning was established by the cursor positioning control
group.
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SOURCE
1

-COLUMN

N\

SOURCE SOURCE SOURCE
2 3 4
COLUMN COLUMN COLUMN
7\ /N 7\

SOURCE
5
COLUMN
'\

/7 N/ N N/ N/

-\

— —
—OWOONNMTNDWN ~

PN et wd mad ot ok d i md
CWO~NOTOIHWN

MESSAGE

NTON N
W -

MESSAGE

MESSATE
MESSAGE

oesaes

]
[
[]
'l

MESSAGE

16
4 CHARACTERS

g

80 CHARACTERS

rlf

Figure I11-27. ADM-3 Screen Use
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The third group sent, the display control group, contains the re-
maining 2 characters. These characters, a carriage return and line feed,
cause the display to scroll up one line in preparation for the next control
group 1 sequence.

The complete 22 characters string appears as shown in Figure 111-28.

1 2 3 4 1 16 1 2

ESC| = | 374 DATA| e o o |[DATA ODH | OAH
[ T - | - T I | — T r
CONTROL MESSAGE CONTROL &
GROUP 1 GROUP GROUP 2 .
Figure I1I11-28. Character String Transmitted to ADM-3A cT

The final aspect of the controller to ADM-3A interface is the ser-
ial transmission rate to be used. Having now established (1) the number of
characters sent by the controller to the ADM-3A per SBC 80/20 input, (2) the
number of serial bits per character, 9, and (3) the UPI-41 processing rate
requirement, 60 transfers/sec, a minimum serial transmission, or baud, rate . .
can be computed as:

22 characters/SBC 80/20 transfer x .
minimum baud rate = 9 bits/character x (1) Coe
60 SBC 80/20 transfers/second

or 11,880 bits per second. The next highest, indeed the highest, baud rate
at which the ADM-3A can receive data is 19,200 baud. This value must neces-
sarily be chosen as the data transmission rate,

(c) Control Switches to Controller Interface

The control switches to controller interface is a 5 line connection
between 5 control switch outputs and the 5 least significant inputs of port
2 on the UPI-41. The design of port 2 on the UPI-41 is such that if nothing
is connected to a port line, the line will read as a logic one, whereas, if
the line is grounded through a 1k resistor, the port will read a logic zero
(3). The control switch to controller connections are shown in Figure I111-29.

During the processing of a data byte by the UPI-41, the binary
source identifier is translated into a linear select code which is then com-
pared with the switch setting on port 2. If the switch corresponding to the
source identifier is set in the abort position, a logic 0 is present and a
message will not be sent. This is the exception referred to in the controller
to ADM-3A interface description. If the switch is set in the display position

44

-

v

e — v

i

ey gt 2

N Eda——




e o o o - o

a logic true will be present and a message will be sent.

This concludes the overall system description. The
next two sections will describe the principle device within the intelli-
gent controller, the UPI-41 single chip microcomputer.

ol
(o]
DISPLAY -
1K
SOURCE 5 CONTRuL == 4
ABORT
DISPLAY °
K
SOURCE 4 VONTROL == 3
© ABOR?
UISPLAY :
I
SOURCE 3 CONTROL m 2 me 1
ABORT
DISPLAY °
n
SOURCE 2 CONTROL = |
ABCRT
DISPLAY °
I
SOURCE 1 CONTROL —ke N
ABOR? ]

Figure II1I-29. Control Switches to Controller Interface
e. UPI-41 MICROCOMPUTER OUTPUT II

The UPI-41 single chip microcomputer provides the intelli-
gence of the intelligent controller. The block diagram in Figure III-
30 illustrates the facilities available within the UPI-41.

As described in the previous section, the interface register
is used for communication with the SBC 80/20, port 1 is used for com-
munication with the ADM-3A, and port 2 is used for communication with
the control switches.

Program memory is divided into 4 pages of 256 bytes each.

These pages are numbered 0 to 3. Page O contains the main loop of the
control program, while page 1 contains the various subroutines called
by the main loop. Page 3 has a special feature in that data bytes can
be transferred from it to the accumulator using the current value of
the accumulator as a pointer. This "“table lookup” feature is used to
access the message strings which are sent to the ADM-3A. 16 messages
of 16 characters each are stored, using all 256 bytes within the page.
Program memory configuration is shown in Figure I]1-31,
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Figure III-30. UPI-41 Single Chip Microcomputer Block Diagram
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3FF j
PAGE 3 MESSAGE STRINGS i“,
300
2FF ,;
¥
PAGE 2 UNUSED { §
200 :
1FF
PAGE 1 SUBROUTINES
100
FF _
PAGE 0 MAIN PROGRAM ;
LOOP

Figure II1I-31. UPI-41 Control Program Memory Map

S U P

RAM within the UPI-41 serves three purposes: it contains
the registers, the subroutine and interrupt stack, and the variable
data storage locations. The distribution of the 64 RAM locations be-
tween these three functions is shown in Figure 111-32.

The registers in bank 0 are designated RO-R7, while those
in bank 1 are designated RO'-R7'. Only one register bank at a time
can be addressed. Bank selection is accomplished by executing a spe-
cail select register bank X, SELRBX, instruction where X is either 0
or 1. The registers of bank O are used for data processing and message
transmission, while those of bank 1 are used for queue control.

The UPI-41 contains a rather sophisticated timer which was
evaluated for use as the bit interval generator for UPI-41 to ADM-3A
serial transmission. As several difficulties were encountered, the
use of the timer while representing a possible area for future research,
was rejected in favor of a software timing approach. The software tim-
ing routine will be described, along with the rest of the UPI-41 con-
trol program, in the next section.




63

32
3

24
23

L4

VARIABLE s
DATA DATA QUEUE
STORAGE
/ »
DATA RECEPTION, STORAGE, AND
REGISTER BANK ) REMOVAL CONTROL
N\

SUBROUTINE AND

INTERRUPT STACK > SUBROUTINE AND INTERRUPT CALLS

DATA DECODE AND MESSAGE TRANS-

REGISTER BANK 0O MISSION

Figure III-32. UPI-41 RAM Mcmory Map
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f. UPI-41 CONTROL PROGRAM 1V

The UPI-41 program is written in MCS-48/UPI-4] assembly lan-
guage. It was assembled using a cross assembler operating on an Intel
Microcomputer Development System, MDS-800. The machine code was burned
into the EPROM program memory of the UPI-41 using an Intel Universal
Prom Programmer and the Universal Prom Mapper Software. The assembly
of the program and the burning of the EPROM were done under control of
the Intel System Implementation Supervisor, ISIS 1I, operating from an
Intel Dual Floppy Disk Drive.

The program description is divided into three parts:
° Initialization procedures

® Data reception and storage

'3 Data decode and message transmission

The program listing is located in Appendix "D", flowcharts ap-
pear in Figures II1-33 through III-35,

(1) Initialization Procedures

The first section of the UPI-41 program performs func-
tions which are necessary prior to data reception. These functions are
the initialization of registers and the initialization of the ADM-3A
screen. The values placed in the various registers will be explained
as they are encountered within the program. The screen initialization
procedure consists of clearing the screen and positioning the cursor in
the bottom left hand corner. The screen is cleared by transmitting a
special character, 01AH, to the ADM-3A, while the cursor is posi-
tioned using the 4 character cursor positioning sequence described pre-
viously in the controller to ADM-3A interface section.

As the final step in the initialization procedures, the
UPI-41 enables itself to data reception by outputting a logic zero to
port 2 1ine 7. This port line is connected to the UPI-41 chip select,
CS, input. Since all port lines are in the logic high state following
a system reset, UPI-41 input is disablied until the output instruction
is executed.

(2) Data Reception and Storage

When data is written into the UPI-41 interface register
by the SBC 80/20, an interrupt request is generated. Upon recognition
of the intervrupt, the interrupt vector jump at locations 3 and 4 in
program memory is executed, and the interrupt service routine, lines
118 through 134 in Appendix "D", is entered. The interrupt routine in-
puts the data from the interface register and places the data in a
qu?uga A flowchart of the interrupt service routine appears in Figure
111-34.
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Figure I11-33. UP1-41 Control Program Flowchart Processing Loop
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Figure I11-34.
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UPI-41 Control Program Flowchart - Interrupt Service Routine
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It was pointed out in the section describing the SBC
80/20 controller interface that the UPI-4] reception rate requirement
would necessitate the data queue. The necessity for the queue can be
shown as follows:

Unless the 19,200 baud rate can meet the UPI-41 reception rate require-
ment as well as the processing rate requirement, it is necessary to pro-
vide a data queue to prevent data from being overwritten in the inter-
face register. For this condition to be met, the 19,200 baud rate must
be proportionately greater than the 11,800 minimum baud rate by at least
the proportion of the reception rate requirement to the processing rate
requirement, or

19,200 ™ 200

TT.800 = 60 (2)

as this is not true, a queue must be maintained.

To meet the storage requirements a First In First Out, or
FIFO, stack is implemented in the variable data storage area of the RAM
memory. See Figure [II-36. A FIF0 stack allows data to be retrieved so
that order of entry is preserved. The operation of a FIFO stack can be
conceptualized by considering a storage mechanism where data inputs are
stacked one on top of the other as they arrive, and where data removal :
is accomplished by pulling from the bottom. As an entry is removed, all H
remaining entries move down one location. This operation is illustrated '
in Figure III-36.

The problem with this implementation is in moving the re-
maining data entries down. For N remaining inputs, the operation re- :
quires 2N memory accesses and 5N program steps as shown below: |

(a) Increment pointer
(b) Load data byte - first memory access

(c) Decrement pointer

(d) Store data byte - second memory access

(e) Increment pointer




. B o L ST e —

PUT —p>
INUT N +1 | PUT—>
INPUT N
INPUT 2
QUEUE BASE INPUT 1

INPUT N + 1

INPUT N

INPUT 2 ]

Figure III-36. Fixed Base FIFQ Operation

A more efficient algorithm uses a "get data" pointer as
well as the "put data" pointer used in the implementation above. The
get data pointer allows the "bottom" of the stack to move upward as
data is removed from the stack. Tnis eliminates the necessity of moving
each of the remaining inputs down. Instead, the get data pointer is in-

cremented once each time data is removed.

The put data pointer always

identifies the next location available for data storage and the get data
pointer identifies the location of the next value to be removed. The
only problem with this implementation is that unless data memory is in-
finitely long, storage locations will run out at some point. This condi-
tion being unacceptable, a "top-of-stack" must be defined, and as the
pointers reach the top they must be wraparound. In this application the
top-of-stack has been made coincident with the top of RAM, making the
last location address 63 and giving a stack size of (63-32) +1, or 32
locations. As each pointer reaches location 63, it is returned to loca-

tion 32 instead of being incremented further, _Implemented in this manner,
the number of steps required for a data removal is independent of N and,

for the UPI-41, has a maximum value of 5 as indicated by lines 85 through

89 of the program listing.
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the stack is full must be available.

For either implementation, some way of determining when

For the two pointer implementa-

tion, the queue full condition is easily detected by maintaining a
queue status value which indicates how many entries are presently on
If a check of the queue status register indicates that the
queue is full, additional data must be rejected to avoid overwriting

the stack.

of the earliest entry with the newest entry.

Since the UPI-41 has been

designed to meet the processing rate requirement, it follows that the
maximum stack usage must be less than or equal to the number of SBC
80/20 input sources, or 5;

never occur in this application.

therefore, the queue full condition can
Use of the queue status value in this

application, then, is limited to determining when data is available on
Figure III-37 illustrates the operation of the moving base

the stack.
FIFO stack

tions are located in register bank 1.

The put and get data pointers, the queue status, and the
constants used to determine the pointer wraparound and queue full condi-

Also, since the data reception

routine is entered in response to an interrupt, another bank 1 register

is allocated for accumulator storage.

temporary data byte storage during computations.

EMPTY 3 ENTRIES
63 ‘1
. EMPTY
®
PUT
° U—D *
INPUT 3
INPUT 2
GET
PUT & INPUT 1
GET 3
33 ENTRIES 32 REMOVALS
f. 63 A
FULL
L EMPTY
GET —{ INPUT 3
PUT

EMPTY
[iweuT 33

PUT
32 GE::'T INPUT 33

Moving Base FIFO Operation

Figure I11-37,
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Finally, one register is used for
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63 1. "‘W%3
EMPTY
PUT - <‘;
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32 EMPTY
63
OTHER
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Registers 0 and 1 are the only locations which can
serve as pointers into the variable data storage area; therefore,
the get and put data pointers are defined as the contents of regis-
ters 0 and 1 respectively, the other locations are assigned arbit-
rarily as per Table III-1,

TABLE III-1. REGISTER BANK 1 MAP

Register 7' Temporary Storage
Register 6' Queue Status Con. = 224
Register 5' Wraparound Constant = 193
Register 4' Unused

Register 3' Accumulator Storage
Register 2' Queue Status

Register 1' Put Data Pointer
Register Q' Get Data Pointer

(3) Data Decode and Message Transmission

Once data is placed in the gqueue by the interrupt ser-
vice routine, a check of the queue status register, lines 80 and 81
of the program listing, will indicate that data is available for pro-

cessing. The program will then enter the main program loop, line 82,
where the data decode and message transmission function begins.

This section of the program can be divided into 3 seg-
ments:

(a) Data access
(b) Source processing
(c) Message processing

1. Data Access

The function of the data access segment is to

remove a data byte from the queue and perform the transition between

register bank 1 operation and register bank O operation. The data re-

moval steps are reminiscent of the steps performed in the interrupt

routine, while the bank transition is accomplished by placing the data

in the accumulator and then selecting the new register bank. A flow-
chart is shown in Figure I11-38.
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Figure 111-38. Data Access Segment Flowchart




Register bank 0 is used for the remainder of
the program. All locations within this bank are assigned arbitrarily
as shown in Table III-2.

TABLE III-2. REGISTER O MAP

Register 7 Data Byte

Register 6 Message Length Constant
Register 5 Binary Source Identifier
Register 4 Linear Select Source lIdentifier
Register 3 Message ldentifier

Register 2 Relay Counter

Register 1 Unused

Register 0 Serial Transmission Counter

2. Source Processing

The function of the source processing segment,
lines 93 through 98, is to use the source identifier portion of the
data byte to (1) determine whether a message tranmission is desired
and (2) position the cursor at the proper place on the ADM-3A screen.
The source processing segment calls three subroutines; MASK, LOCSET,
and TAB.

Subroutine MASK, lines 144 through 156, coverts
the binary source identifier into the linear select identifier through
the use of the lookup table located at MSKDAT, Tine 143. The subroutine
then performs the comparison with the port 2 control switch lines and
sets a flag according to the result.

Subroutine LOCSET, lines 161 through 168, sends
the characters which activate the cursor control logic and the Y coordi-
nate value to the ADM-3A.

Subroutine TAB, lines 157 through 160, converts
the binary source identifier into the proper X coordinate value and com-
pletes the cursor positioning sequence by transmitting the coordinate
value to the ADM-3A.




3. Message Processing

The function of the message processing seg-
ment, lines 99 through 112, is to convert the message identifier por-
tion of the data byte into the page 3 address of the message string,
output the message string, scroll the ADM-3A display one line, and
return to the queue status checking loop.

The page 3 address of the message string is
produced by multiplying the binary message identifier by 16. Thus,
the message identifier is converted into the starting address of a
16 character string which makes up the message. The multiplication
is accomplished by swapping the high and low order nybbles of the data
byte and then masking out the low order nybble. This operation is
equivalent to four left shifts and, therefore, multiplies the source
identifier by 24, or 16.

Subroutine STROUT, lines 169 through 175, uses
the message address produced by the preceeding multiplication and the
string length constant contained in register & to control the transmis-
sion of the 16 character message string to the ADM-3A,

The CRLF procedure, lines 107 through 110,
cause the scroll of the ADM-3A display by sending the carriage return
Tine feed combination.

Finally, register bank 1 is selected so that
when the jump at line 112 occurs the register bank containing the queue
status value, R2', will be addressed by the WAIT loop.

This completes the description of the control

program except for the subroutine which controls character transmission.

This function is accomplished by the OUTPUT subroutine, lines 176
through 191.

It was noted in the description of the clock
connection, section II, that the 4.608 megahertz clock input to the
UPI-41 would be used to generate the proper communication frequency.
The following discussion explains this process and the operation of
the OUPUT subroutine,

Each instructicen in the UPI-41 instruction
set consists of either 1 or 2 instruction cycles. Each instruction
cycle consists of 5 machine states and each state consisits of 3 clock
periods. See Figure I11I-39.

ane LTI,

states | STATE 1 ee o] STATE 5

cvetes | INSTRUCTION CYCLE B

Figure 111-39. UPI-41 Instruction Cycle
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The instruction cycle execution rate, then, is 1/15 of
the input clock rate or 307,200 instruction cycles per second. The
instruction cycle execution rate divided by 16 produces the serial
transmission rate of 19,200 baud. Therefore, a bit interval, i.e.,
the time a serial bit should be present on port 1 during transmission,
is exactly 16 instruction cycles. A 9 bit character can be transmitted
by constructing a loop which places a new serial bit on the port 1
transmission line every 16 instruction cycles.

The OUTPUT subroutine, Figure III-40, expects the 7
least significant accumulator bits to hold the 7 bit ASCII representa-
tion of the character to be sent. As 9 bits are required to send a
complete character, including the start and stop bits, the 8 bit accum-
ulator and the carry bit are catenated to form a 9 bit register. The
accumulators most significant bit and the carry bit serve as the stop
and start bits respectively. Once the 9 bit register is set up with
the character, the bits are sent by successively rotating the bits into
the least significant bit position of the accumulator and then output-
ting the accumulator to port 1.

Instructions 1, 2, and 3 set up the character, the trans-
mission loop begins at line 180. Note that the number of instruction
cycles required for each instruction in the transmission loop is shown
ta the right of the instructions.

For the first eight bits transmitted, program execution
proceeds through the steps indicated 1 through 8. As can be verified
by the reader, 16 instruction cycles are executed between bit changes. . .

b d
—
w

1

RO, 807H ; SERIAL BIT COUNTER

ARL  ;GET RSCI! CHARACTER TO BE OQUTPUT

P1, 800K ; PUT OUT START BIT

R2, 04 ; SET UP DELAY LOOP LENGTH

OELAY

PLA  OUTPUT CURRENT BIT OF SERIAL CODE

A ; GET NEXT BIT OF ASCIIT CODE
sWALT 1 INSTRUCTION CYCLE TO COMPENSATE
;FOR RR BEING A SINGLE CYCLE OPERATION

R2, 9021 ; SET UP DELRY LOOP LENGTH

DELAY

e, LOOPL i TEST FOR 7 BITS QUTPUT

P1, 9014 ; PUT OQUY STOP BIT

R2, 903H ; SET UP DELAY LOOP LENGTH

DELAY

NOINEN IF IN SETUP SEGMENT DONT ENRBLE INTERRUPTS

1

3

Rogg3szed 585323233

NOINEN: ; RETURN FRON SUBROUTINE

Figure 111-40. UPI-41 Character Transmission Subroutine




Program flow for the final bit proceeds through the
steps indicated A through E. While this sequence requires only 9 in-
struction cycles, analysis of the complete program shows that for any
set of conditions a minimum of 8 additional instruction cycles will be
required to reach the initial ouput instruction for a new character.
Thus, a minimum of 9 + 8, or 17, cycles will be executed exceeding the
minimum of 16 by 1 cycle. But, as there is no maximum length for the
stop bit since its level corresponds to the nonactive, or "marking"
state, the value 17 is acceptable.

The instruction executed just prior to entry into the bit
transmission loop diables interrupts, while the instruction just before
the return reenables them. Interrupts must be disabled during transmis-
sion of a character since the occurance of an interrupt service routine
would insert extra instruction cycles, thereby destroying the integrity
of the software timing loop.

As a concluding remark on the UPI-41 control program, it
is noted that starting on page 51 of the listing, a sample set of mes-
sage strings is shown.

The program listing referred to throughout this section
is the assembly listing produced during the assembly of the UPI-41 con-
trol program source file. This version of the program was used for the
system evaluation to be presented in the next section.

3.  80/80 PROGRAM

Operation of the 80/20-4 Microcomputer is directed by program code
in three 2716 2KX8 EPROMS. The code was compiled from a program written
in PL/M-80 language. Reference 3 gives a number of PL/M-80 examples.
While reference 5 provides the language syntax and other definitions.

The overall program strategy is shown on Figure III-41, with more

detail given on Figure I1I1-42. The program listing is given in Appen-
dix A.

After power has been turned on, the program starts when the 80/20-4
"RESET" button is pushed.

During "initialize" the program issues a series of questions to
the system console and prompts for answers as shown on Figure III-41.
If desired, the date, training session number, and trainee names are
obtained and stored for future reference. When all identification data
have been collected and other housekeeping details completed, the pro-
gram issues "LET'S START" and the main training session loop is entered.
This loop may be executed along the three different paths indicated on
the flowchart, Figure 1I11-42,

If there is no target present on the screen and no rifle trigger
is pulled, i.e., no "action", then path 3 will be selected by program
logic. No data comments are generated during early passes around the
path 3 Toop. Subsequent "action" will cause flags to be set and a re-
turn to path 3 may result in a comment of either "NO TARGET" or "YOU
FROZE" being sent to the earphones of any erring trainee. Correspond-
ing error data are filled in RAM memory for the identified trainee
which will Tower his score printed out after the session ends.
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PRINT RESULTS

—

Figure I1II-41. 8080 Program Strategy
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END P
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Figure 111-42, Program Flowchart
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“ACTION" is true after a target becomes available and/or a rifle
is "FIRED". The session loop will now pass through either-path 1 or 2
as dictated by program logic. This logic also determines the proper
data to be filed and comment to be sent to the trainee's earphones.

For example, if the target disappears but the trainee persists in shoot-

ing for more than one second, then a "NO TARGET" comment will be sent
to the rifleman, and a negative score is placed in his data file.

Operation remains locked in the session loop until an escape is
signaled by the squad leader's pushing the start/print button. This
causes a system interrupt and control passes to "PRINT RESULTS" which
produces output as shown on Figure I1I-41. The program then returns
to the "INITIALIZE" block and data records are initialized in prepara-
tion for the next training session.

4, SCORE DISPLAY AND WORST PERFORMANCE

The final score for each trainee is calculated by adding the fol-
Towing items:

100 x (Hits per shot)
60 x (Near misses per shot)

30 if average reaction time = 0.5 seconds, or less, or

20 if average reaction time > 0.5 but < 0.9 seconds, or
10 if average reaction time > 0.9 but < 1.3 seconds, or
0 if average reaction time > 1.3 seconds.

-2 x (Number of targets ignored)

When the Tight emitting diode or "LED" is 1it under a trainee's
CRT column, he is the "WORST SHOOTER" inasmuch as he has the highest
total of these items:

(] Misses
) Shots with no target present

0 Targets ignored - PP the worst shooter is recomputed each
time a target is not present on the screen.

5.  SELF CHECK

The SWAT self check has two parts: (1) an SBC 80/20 check, and
(2) the interface board (IFB) check. These procedures are described
separately.

a. SBC 80/20 CHECK

The 80/20 single board computer checkout requires the inser-
tion of an INTEL SBC 416 ROM extender board on which is lYocated the
test program driver and a duplicate of the SWAT version 1.2 program.
The duplicate program is contained in five 2708 ROMS. These ROMS are
Tocated at addresses through PCPPPH, see Appendix E.
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The 80/20 check verifies proper operation of the SBC memory,
1/0 ports, timer and USART. A complete check requires about a second.
To run the check, the normal 50 pin connectors to "J1" and "J2" of the
30/20 must be removed and replaced with a special test strap which con-
nects input terminals of J1 to output terminals on J2 and vice versa
The SBC 416 board must also be inserted into the computer card cage.
While not necessary, it may be convenient to remove the interface board
to avoid damage to the wire-wrap pins. The SWAT program is started with
a reset in the normal way. The first thina that the SWAT proaram does is
to determine if the SBC 416 board is in the card position on the SBC 416.
If the SBC 416 is in place, the program finds a "1" located at address
PCPPPH. If it is not in this location, no transfer acknowledge signal
will be returned. After a millisecond, therefore, the attempt is aborted
and a "PP" is read into the 8080's accumulator. The @@ occurs due to the
1K pullups on the inputs of inverting line drivers. With a 1 found at

PCPPH, the test proqram is conducted, while if a P is returned. the
normal SWAT program starts.

The 80/20 test signals its completion by turning on a "LED" lo-
cated near the top right corner of the 80/20 barod. If no flashes are
noted, the test was completed in a satisfactory manner. If flashes occur,
some trouble was uncovered, the nature of which is indicated by the number
of quick flashes grouped together. The trouble code is:

1 FLASH == RAM FAILURE

2 FLASHES == ROM FAILURE

3 FLASHES == 1/0 FAILURE

4 FLASHES ==  TIMER TOO SLOW
5 FLASHES ==  TIMER TOO FAST
6 FLASHES ==  USART FAILURE

A TIMER TOO FAST
6 FLASHES == USART FAILURE

A flash group is sent for each failure detected, so it is possi-
ble that more than one trouble code may be detected during a single 80/20
test. The test may be terminated only by turning off the power. This
should be done, of course, before any physical changes are made to the
computer.

b. IFB SELF TEST

To test the interface board, the 80/20 test SBC 416 board may
be removed from the card cage and the IFB reinserted. The normal 50 pin
rifle input strap connector and the 34 pin strap connector must be re-
moved. A special strap must be connected between the 50 pin rifle test
simulator output and the 50 pin rifle input connector.

The CRT and Electronic Data Terminal, EDT, are needed for the
test. The VOTRAX unit may optionally be disconnected or left connected.

To conduct the test, the SWAT system is started as usual by a
start or reset. When the query "WANT ID YES OR NO?" is presented on the
EDT, a control-T for "TEST", should be entered. The system should re-
spond with:
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RIFLE SIMULATOR
STRAP IN PLACE?

If no errors are found, the test requires 18 to 19 seconds to
run, and the system responds with:

TEST COMPLETE.

Hitting any key on the data terminal will result in the standard output
being typed out, as shown in the attached listing.

If trouble is detected, the rifle "ID" number will be typed with
"F" for failure and a coded diagnostic: RES, INT or DAT.

RES == The rifle did not receive a reset pulse.

INT == The UPI-41 did not receive the data strobe that it
originally sent.

DAT == Improper data was received by the UPI-41.
H.  FILM ANIMATION

This section describes the process by which a second projection film
is produced to enable the electro-optic rifle receiver to sense targets
on the movie screen and score the trainee's performance.

A black-and-white animated companion film is prepared for simultan-
eous syncronized projection on an infrared projector with a full color
battle scenario on a second projector. The black-and-white film is ani-
mated frame-by-frame to produce a clear target zone surrounded by an
opaque field. If more than one target is present then more than one
clear target zone is animated within a frame.

Infrared 1ight is projected through the clear target area to pro-
duce a target zone for the rifle electro-optic sensors. This infrared
target zone is usually animated to directly overlay the visual target
being projected by the full color battle scenario but may also be super-
elevated and/or lead the target as required.

Film animation has been accomplished by inspecting a battle scenario
frame-by-frame on a Movieola (a type of laboratory film analyzer). Each
frame is inspected for the total number of targets, and target location.
tach frame is catalogued and then compared to each other for target range
and rate of transverse motion measured. Lead and superelevation calcula-
tions are computed from this data for final animation.

Selected target shapes and sizes are prepared for use in the anima-
tion process. These shapes have usually been silhouette, oval, and
circles. The target shape is realized as an opaque shape on a clear
strip of acetate,
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The battle scenario is again viewed frame-by-frame in the animation
process. The animator locates targets according to the script and over-
lays on appropriate target size and shape on a rear projection screen.
Lead and superelevation corrections are applied if necessary and then the
battle scenario is removed while a single frame of the animated film is

exposed.

Upon complietion the entire animated film is developed using a rever-
sal process. This process causes the opaque target shapes to become
transparent and the background to be opaque. The contrast is adjusted
for a D* = 2.5 or better. A D* of 2.0 has been used successfully.

Copies are made of this master animated film and both battle scene
and the animated films are edge numbered for easy identification and
editing. A final coat of laquer is then added to protect the emulsions
and extend the life of the films.

The resolution of man targets beyond 300 meters is difficult and is
a limitation of the system using standard 16mm film.

No research was done on automating the production of the IR target
film. It is our opinion that research in this area could reduce both
the time and expense of producing the infrared target film.
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SECTION 1V
CONCLUSIONS

The SWAT was tested successfully by both the U.S. Army and also by
the U.S. Marine Corps but under the name UIWT (Universal Infantry Weapon
Trainer). The two systems are virtually identical except for the number
of trainee firing positions, the SWAT hav1ng five while the UIWT consists
of four firing positions.

The U.S. Army test was conducted by the U.S. Army Infantry Board
(USAIB) for the Directorate of Training Developments, U.S. Army Infantry
School (USAIS), Fort Benning, Georgia (See Reference 9). The test was
conducted 22 January through 5 March 1980, employing test soldiers from
the U.S. Army Marksmanship Unit and TOE units. Testing included use of
the SWAT as a vehicle for training riflemen in the technique of engaging
moving personnel targets. A comparison of record fire scores, achieved
by personnel trained on the SWAT, on the Infantry Remoted Target System,
Defense Test Range, and a no-training control group, was conducted to
address training potential. Figure IV-1 indicates the results of firers
interviews concerning the SWAT weapon and SWAT targets. Some of the major
findings were that test soldiers improved their firing performance on
three iterations of SWAT firing, but not on three iterations of DTR firing.
It is stated that "this test does give some evidence of the SWAT system's
potential for training transfer. However, a final estimate of the system's
training value cannot be made until a training program is developed which
optomizes SWAT performance".

An evaluation of the UIWT's training effectiveness and potential was
performed in November 1979 at Camp Lejeune, North Carolina by the U.S.
Marine Corps (See Reference 8). The evaluation was conducted by three mem-
bers of Code N-241, Naval Training Equipment Center. Three different
groups of Marines acted as test subjects or provided expert opinion. They
are as follows:

(a) 120 enlisted men took part in a quasi-experiment designed to
determine the benefits of the UINT versus a more traditional training
method,

(b) Eight highly experienced snipers evaluated the UIWT for its train-
ing capabilities. These Marines also serve as marksmanship instructors,

(c) A variety of Gneral, Field and Company grade officers fired the
simulator and gave opinions concerning its usefulness.

Generally, the infantrymen were very positive about their experience
with the UIWT. They would like to see deployment of the device into
actual training situations. An overwhelming number stated that they
would rather train in the UIWT than on the pop-up range. The elements of
realism and immediate feedback were the main reasons for infantrymen sat-
jsfaction with the UIWT.
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RESULTS OF FIRERS
INTERVIEW (MEANS)

SWAT ‘WEAPON

SAME AS
M16A1

3 4 5 6 7

Ease of zeroing (easier-harder)

Recoil (less-more)

Muzzle climb (less-more)

Amount of noise (less-more)

Sound duration (shorter-longer)

Trigger squeeze (easier-harder)

. g

Amount of slack in the trigger
(1ess-more)
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Balance (worse-better)

Weight (lighter-heavier)

Ease of magazine change
(easier-harder)
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Accuracy (less-more)

Obtaining a good sight picture
(easier-harder)

o
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Getting a hit (easier-harder)

SWAT training (worse-better)

SWAT TARGETS

Seeing targets at 0-100 meters
(harder-easier)

Seeing targets at 101-200
meters (harder-easier)

Seeing targets at 201-300
meters (harder-easier)

Determining target ranges
(harder-easier)
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NO SIGNIFICANT

DIFFERENCE (e = .001)

Note: 1In all cases the SWAT rifle and targets are being compared

to the M16A1 and the DTR range.

If there was no difference between

them, then a 4 was chosen. The farther away the mean is from 4,
the more difference there is between the SWAT and the MI16Al.

Figure IV-1. Results of Firers' Interview (Means)
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Without exception the officers who fired and observed the UIWT
stated that it was a valuable training tool. Some officers went so far
as to request that the UIWT prototype remain at Camp Lejeune so that
1 they could start training Marines. A number of officers expressed con-

cern about UIWT maintainability and reliability. They felt that if the 4
f UIWT was to be used for large numbers of trainees it would have to have :
rigid specifications for reliability.

e i biciacn i

The Marines suggested that there were no special features of the
UIWT system (i.e., feedback, recoil, instructor console, infrared moni-
tor, etc.) which should be deleted. All features seemed acceptable and
desirable to those who evaluated the system.

T ———g e - -

The UIWT functioned well throughout the study. Breakdowns and mal-
' functions occurred on few occasions. This performance record is even

' more impressive when it is considered that this version of the UIWT is S
a prototype. The maintainability and reliability of the UIWT, based B
upon this evaluation, must be considered as good. Future iterations in v
F the production format should only serve to increase these two character- /
| jstics. -

Despite test limitations, the UIWT evaluation was considered to be
successful by those participating in the evaluation. The overwhelming
enthusiasm for the training device, exhibited by the Marine personnel
who fired it and observed it, gave evidence of its potential usefulness.

The evaluation of the UIWT at Camp Lejeune produced postion findings.
Every characteristic of the UIWT met with approval. An evaluation of
trial scores on the UIWT provided empirical evidence of the UIWT's effec-
tiveness.

No formalized Program of Instruction (POI) exists for team firing
training. Consequently, none was administered with the UIWT evaluation.
This area of training should be given consideration in the future. Pre-
sently the instructor merely gives informal directions on how a fire team
should function. The same informal procedure is followed for marksman-

; ship instruction. Observation of the UIWT evaluation identified a number
; § of factors which should be formally addressed in instruction for team
‘ fire.

(a) How large is a fire sector? '

i (b) Enemy tactics (i.e., Warsaw Pact, Vietnamese)

T T

(c) Ammunition rationing

{ . (d) Change in fire team tactics if a member is made inoperable
(i.e., gun jams or casualty) ;
{ . There is presently no training which accomplishes the objectives ’
that the UIWT addresses (e.g., fire team training, on board ship prac- i
. tice and training, and providing realistic combat scenarios which require '
4 application of proper aiming techniques). Since the Marine Corps deems
&y these objectives to be important, it is recommended that the UIWT effort

be funded and prepartion be made for contractor production of the system.

¢ "




In addition, development of the UIWT's capability to simulate other in-
fantry weapons such as the TOW, DRAGON, motars, etc., should continue.
Also, any formalized instruction should include techniques for firing
at moving targets (including leading, firing into brush cover, and fir-
ing through smoke). It is possible for an instructor to forget to
cover many of these important points when it is presented in an informal
manner.

The UIWT has a counter which allows the number of rounds fired during
a session to be accurately assessed. This counter showed that over 40,000
electronic rounds were used for the evaluation. Presently, costs for live
M-16 ammunition are approximately nine cents per round. At this rate, the
UIWT accomplished an ammunition cost savings of nearly $4,000. This dollar
figure if applied to a year's worth of training, would be a significant
savings. At this rate the UIWT would pay for itself in a year. If the
transportation fuel costs were added to the ammunition cost the savings
would be even more impressive.
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APPENDIX A
FUNCTIONAL DESCRIPTION OF CONSOLE SWITCHES

Figure A-1 displays the Instructor's Console. The right side
display screen presents printed columns showing trainees results each
time they fire, and indicates by a red Tight which trainee is doing
the poorest. The miniature toggle switches must be in the up (or on)
position for any trainee participating in the exercise. The left side
display screen presents positions of movie targets and indicates where
trainee is aiming and where his round has been fired in relation to
where the target appeared.

On the main, center panel, the instructor operated switches are
arranged and labeled in groups by function. They are:

1. Main power (single switch)

Microcomputer (three switches)

3. Computer Voice (two switches)

4. Projector (two switches)

5. Motor (three position rotary switch)
6. Boresite (single switch)

7. Recoil (single switch)

8. Score display (single switch)

9. Audio Communications (eleven switches)
10.  Weapon motion system (eleven switches)

The operation of these switches follows:
MAIN POWER - Applies the ac power to entire console.
MICROCOMPUTER - "On" applies operating voltages to computer.

"Reset" clears all previous data from computer and asks if
individual identification of each trainee is required. If none is re-
quired, depress any key except Y (For "yes"). Computer will signify
system is ready by printing out "let's start".

“Start print" starts the hard copy printout process printing
trainees results and analysis.

If individual scoring identification is required, depress the let-
ter Y on typewriter. Computer will ask you for today's date, session
number and to enter in name of first trainee, then instruct you to
jdentify the others in same manner. NOTE: Names of trainees must be
limited to those containing no more than six letters.
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COMPUTER VOICE - Permits instructor to activate the computer
voice carried to trainee headphones. The voice reset button should
be pushed whenever the computer voice is turned on.

PROJECTORS - "Locked-Unlocked" switch either locks or unlocks
synchronous motors of IR and visual projectors together so that target
frame and visual frame coincide, or permits instructor to operate pro-
Jectors independently during alignment. For normal operation the
switch should remain Tocked.

"Start Movie" physically starts the movie if motor switch
is not in off position.

MOTOR - This three position rotary switch performs the function
of applying ac power first to projector motor and then to projector
"~ lamps (this procedure is conventional in all movie projectors to con-
serve lamp life).

BORESIGHT - This switch allows instructor to override the "tar-
get present" signal delivered to computer by the projector, so that
trainees can fire at the target box instead of the movie screen.

When lower half of this switch is illuminated the system is in normal
(movie screen) position.

RECOIL - This switch gives instructor the option to conduct ex-
ercise with or without rifle recoil.

SCORE DISPLAY - This switch clears the right side screen display.

AUDIO COMMUNICATIONS - This bank of eleven switches permits the
instructor to listen in on the headphone of any trainee, and talk to
any one or all trainees.

WEAPON ACTION SYSTEM - This bank of eleven switches allows the
instructor to view,-on the left side display screen, exactly where
any, or all, trainees are aiming and firing in relation to where tar-
gets appeared on movie screen. The upper bank of switches selects the
trainee to be observed. The lower bank of switches either energizes a
trainee's laser continually or only when he had fired his rifle. These
switches supply operating power to the laser attached to each rifle,
and must be held pushed in for the laser to operate.

A-3




APPENDIX B

TEST EQUIPMENT
1.  LASER CHECKER

The laser checker test box, Figure B-1, allows instructor to
make a go-on-go check of the SWAT tracking laser which is attached
to the simulated rifle. Referring to the schematic, Q1 is a silicon
photodiode which responds to IR energy from the rifle laser. When
the rifle trigger is pulled, with the laser positioned a few inches
from the detector, Q1 detects the infra red pulse, and delivers an
output signal to Q2.

Q2 is a high gain amplifier whose output is a sharply rising
positive pulse that provides the gating signal required to turn on
silicon controlled rectifier Q3, placing its anode at ground poten-
tial, and allowing capacitor C3 to begin charging up toward Vcc
through resistor R5, and energizes the Sonalert alarm producing an
audio tone of approximately 2 KHz.

Q4 is a unijunction transistor oscillator which is enabled when-
ever capacitor C3 is returned to ground. As capacitor C3 starts to
charge toward Ycc it produces an exponentially rising DC voltage at
the emitter junction of Q4. When this voltage reaches the breakdown
point for this particular unijunction, Q4, conducts heavily, shorting
emitter to ground thereby allowing the charge on C3 to dissipate,
lifting the anode of Q3 off of ground which turns off the SCR, dis-
abling the audio alarm, and the entire circuit is again ready for re-
cycling.

Power for the laser checker is externally provided via binding
posts. Any battery voltage from six to thirty volts may be used. The
audio alarm sound level varies with battery voltage. Fifteen volts
provides more than adequate sound level for an average room.

2. RIFLE CHECKER

By using an ordinary penlite flashlight as a source of light
energy, and directing the light into the lens of the rifle receiver,
the rifle checker test box allows the instructor to confirm that the
four quadrant detector in the rifle is functioning, the "Full Clip"
feature of the SWAT system is operating correctly, that the rifle
mode select switch, and rifle trigger switch, are also functioning
properly. In addition, the SWAT laser can be tested using the laser
checker in conjunction with the rifle checker.

Detector Test: Referring to the schematic of the rifle checker,
Figure B-2, connections to the rifle are made via a T&B connector
identical to that with the SWAT system. Connector pin numbers are
identified on the schematic. 1IC1 is a quad comparator which estab-
lishes the signa) strength reference level of the IR energy received.
Each of the four comparators parameters are identical. The desired
reference level is established on the non-inverting inputs of IC1.
The rifle detector outputs appear as signal at the inverting inputs
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of IC1. When this input signal is of an amplitude equal to the
reference level established via the variable resistor, the outputs

of IC1 rise to a logical "HIGH". This output "HIGH" signal appears
on one input to IC2 which is a quad NAND gate. Since the remaining
NAND inputs are permanently "HIGH", ICZ produces a logical "LOW" at
its ouput, providing a path to ground for that particular LED, allow-
ing it to light up, indicating that the SWAT rifle detector is opera-
tional. By pointing the flashlight beam intg the rifle receiver lens
and moving it about, it is possible to observe that all four quad-
rants of SWAT's rifle detector are indeed functioning.

Ammo Magazine Test: One half of IC4 is a timer arranged to pro-
duce one pulse of approximately five second duration whenever it re-
ceives an input, thereby testing the "full ammo magazine" feature of
SWAT. A "full magazine" is simulated by one whose internally-mounted
capacitor has been charged. A separate, partitioned-holding/charging
tray which accomodates up to 30 magazines is provided with the instruc-
tor's console. In future modifications, this holding/charging tray
can be incorporated into the console. Referring to the schematic,
when a (charged capacitor) full magazine is inserted in the rifle,
the capacitor discharges into one gate of IC3, a NAND, providing a nega-
tive going signal as input to timer IC4. When IC4 turns on its output
goes "HIGH" allowing LED 5 to 1ight for approximately five seconds. If
an "empty magazine (i.e. one which has expended its full thirty rounds)
is inserted into the SWAT rifle, it cannot energize the circuit and
LED 5 will not illuminate.

Laser Test: This test is performed by one half of IC4. The cir-
cuit ¥s a free-running oscillator delivering sharp positive pulses of
approximately one microsecond duration at a PRR of 5 KHz. This output
is directly connected to the laser input via the normal connecting
cable. When the "laser test" button on the rifle checker box is de-
pressed, the output of oscillator IC4 is allowed to trigger the laser,
and the laser will emit IR energy.

By setting up the laser checker* box several inches from the laser,
an audio alarm tone indicates correct operation of the laser each time
the test button is depressed. *Circuit operation is described in Para-
graph 1 of this Appendix B.

Rifle Trigger and Mode Switch Test: Correct physical functioning
of the SWAT rigie trigger is verified by observing the test 1ights LED 6
and LED 7. LED 6 will normally be on. When the rifle trigger is pulled
LED 6 goes off for a fraction of time, LED 7 comes on during that in-
stant, and as the trigger is pulled all the way LED 6 comes back on and
remains on,

Rifle Mode Switch Test: The SWAT rifle mode select switch is test-

ed by observing the operation of LED 8 and LED 9. In the semi-auto-
matic mode, LED 8 is on and in the automatic mode LED 9 is on.
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- An internal dual fifteen volt power supply provides operating 1
Q. voltages for the SWAT as well as for the pre-amp receiver in the ‘
SWAT rifle. A single miniature dry cell forty-five volt battery !
within the test box supplies operating power for the SWAT laser. f

D 3. RIFLE SUBSTITUTION BOX

B e

Using the rifle substitution box, it is possible to simulate |
the operation of a SWAT rifle on the instructor's console. It can
simulate a rifle being fired either in automatic or semi-automatic
mode, and can simulate the target information normally received by
the rifle's quadrant detector from the projected movie image. X

The rifle substitution box is connected to the instructor's
console via a T&B connector identical to that on a SWAT rifle. Power
for the test box is derived from the console. Operation of the
trigger switch and the mode switch are obvious. Capacitor C1 simu-
lates the capacitor which is internally mounted inside of each maga-
zine. It remains in the charged state via switch SW4 as long as
the test box power switch is in the "on" position. When the count-
ing circuit in the SWAT electronics indicates to the computer that
thirty rounds have been expended by allowing no more shots, the in- ;
sertion of a new magazine is simulated by momentarily engaging 2
switch SWI1. ;

Target information is simulated by the status of four switches,
. SW5, SW6, SW7, and SW8. IC1 is a free-running oscillator delivering
* a square wave at a PRR of 96 Hz (which is the rate at which the
projected IR Target energy is chopped). The output of the oscillator
is delivered to the console via switches SW5 through 8 as simulated
rifle detector signals.

Referring to the schematic, Figure B-3, the adopted convention
for the four quadrant rifle detector is shown. Switches may be in-
dependently thrown to either ground (low) or to the 96 Hz positive
pulse output of IC1, constituting either a true or a false logic
signal to the SWAT console. Any one of ten possible combinations of
hit or near misses can be duplicated by these four switches. For
example: Switches SW3, SW4 "Low" and switches SW1, SW2 "High" will ‘
be recorded by the computer as a "low right" signal from the simulated !
rifle. Similarly, SW1, SW4, SW2 "High" and SW3 "Low" would simulate
i a SWAT rifle detector condition where IR energy is centered on those
. quadrants. This information would be interpreted by the computer as a

trainee having fired "Low" at the target.

1 4. BORESIGHT BOX | ?

»
Ay

The boresight box, Figure B-4, allows the instructor to ini-
tially check the closeness of SWAT rifle boresight alignment. A
- free running oscillator IC1 with a PRR of 96 Hz delivers input pulses
to a Darlington amplifier which consists of Q1 and Q2. The Darlington
amplifier pulses a high intensity incandescent lamp at 96 Hz. The
visible portion of 1ight is filtered out so the rifle is aimed at the
black-outlined aiming pip on the box, fires the weapon, receives audio

B-5
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feedback results via his headphones, and adjusts rifle sights for
accurate alignment of front and rear sights.

Power for the boresight box is supplied externally via one
small, 12 volt rechargeable sealed-gel battery. The boresight
box can also be utilized as a marksmanship target. The instructor
simply enables the front panel "target present" switch allowing
the SWAT console to disregard target information from the movie

screen, and instead, to accept target information from the bore-
sight box.
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@2E3H
A2EAH
@2F 7H
@2FEH
@203H
9308H
@33DH
©318H
@31EH
9223H
V32€H
9228H
@335H
A23IFH
a347H
B24CH
@353H
©3E0H
9367H
B3ECH
A27AH
B376H
AITB1H
B32S?H
9395H
9298H
B3A4H
DZASH
B2REH
B363H
O3E6H
BIC7H
B20SH
@ZDEH
OZEZH
BIESH
B4B3H
B4IFH
a411H
B416H
B42BH
B420H
B4=7H
Q43TH
D43FH
P442H

I91FH
ZE5CH
Z850H
ZSSEH
IB5EH
385FH
a44=H
O45CH
A4659H
A47€EH
a442H
ad44zH
244 7H
B44BH
D44FH
B433H
457H
B458H
BRSO L

LIN
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MOoD
SYM
SyM
SYM
Svm
SYM
SyM
SYM
SYM
SYM
SvYyM
LIN
LIN
LIN
LIN
LIN
LIN
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LIN

115
115
147
118
119
1ze@
121
122
123
124
125
126
127
128
129
13a
121
132
133
134
135
136
137
138
139
140
141

TIMERMODULE

MEMORY

LSTIMEBYTE
MSTIMEEYTE

TIME

LOWT IMEEYTE
HIGHTIMEBYTE
TIMERSTARY

TTYTIMER

VOTRAXTIMER
CLOCKRERD
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YoLH
B4E8H
adodH
A4LBH
@I&EIH
ad459H
@4€DH
@47iH
@47 0H
Ba7EH
D4 7ENH
247 AH
Qa7FH
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291FH
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43EH
A4BEH
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BadEH
M4EENH
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Q405H
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AQCEN
EETNY,
S B
Mg
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g fnleg
SyYM
sYyMm
SyM
avi
Sv'M
Syt
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Sy
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S
Sy
S
SYM
SY'M
Ay
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M
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<M
SYM
<YM
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M
<7
Sy
Y
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SYr
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LIN
LIN
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1
RIFLEURTHNUDULE
MEMORY
MESSAGE
SCORIT
SHOTLOCAT TON
FILE
DECOOE
FIRSTSHOT
SCORE
ROCER
SPEED
TOTHLTIME
CELTATIME
FILE
RIFLE
FFTF
SHOTFLAG
RIFLEID
UPISTROEE
THRGETHVHILHBLE
TARGET
RIFLESHOT
GETRIFLEDATH
SHOTDARTH
UNRESIOILVED
WHOSHOT
HOWIL [ CK
OEDARTH
VOTPRﬂMESSﬂGES

TURKEYDRTH

WHOF A ILEDTOSHOOT
SHOWWURST
BRUWIRD
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HOWEAL

HUNTRORST
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UL
O4CCH
A405H
O4DAN
Q4E1LH
24F 3N
o4F6H
aSaeoH
@S03H
a3eCH
A543+
uS21M
AaS21H
aS20H
aS3IcH
ASIEH
BASEDH
B57DH
a583H
6538H
OB&E3H
as92H
aSSBH
an3dFH
ASR44H
ASASH
BSE2H
aSesH
aSBAH
asSBFH
asCsH
asih 4
BSOIH
ASEENH
BSFAH
BSFDH
@caDH
(505 R
BE1DH
E25H
AG25H
e HH
B52FH
BE32H
BEIRAN
B52AN
BE3IFH
aeq49M
2647H
Ac4FH
Oa4FH
2504H
BESOH
BOESCH
BE6E4H
Q664H
VS69H
OE6ENH
@671H
PE85H

O585M-

9638CH
O6HOH
BERAH
OSADH
asBzH

(YT
LIN
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LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
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PRS-

i
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WO
QEB7H
2sC7H
@ED7H
O5ELH
OSE4H
Q6ESH
BGESH
GS5EEH
VEFiH
Q6F2H
Q5F 2H
B7a0H
O70RH
a7i5H
a7DH
B727H
O73RH
073FH
@748H
B740N
avSzH
av37H
a7rS?H
B7SEH
A7EIN
OV6RAN
ovERH
07 78H
@783H
0798H
Q7CoH
I7C7H
a7CCH
o704
a7DFH
B7F8H
a208H
as21H
229
as22H
Bsi2H
BEIH
O 3EN

SS1FH
V33IFH
SSC9M
28CAH
3I8CBH
0851H
3BE9H
us71H
VB7AN
w391
izl
WEHLH
GIGHF N
ZRCCH
asC2H

QRCEH

P
I8CDhH
ZsCFH
B=2SH
HI43IH

[P YY)
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN

SYM

SYM

DAk
114
116

139
140
141
144
145
146
147
148
149
150
151
152
153
154
156
15?7
158
159
160
161
CONSOLEMOUALE
MEMORY
HELLO
1
A 4
G0S
TTYSET
TTYRES
YOTRAXSET
VOTRES
CIN
RXRLY
TXROLY
Cout
ITEM
B1TDUMP
FRNTNUM
FRINT
FPOINTER
FINPL
LOOF
GREETING

A G e o




O Owdil it . =)
@8S1H LIN 10
@855H LIN 11
@839+ LIN 12
@8%0H LIN 13
@860H LIN 14
@864H LIN 1S
@868H LIN 16
0869H LIN 1?
2869H LIN 18
@86DH LIN 19
@87eH LIN 20
@871H LIN 21
9871H LIN 22
2875H LIN 23
i 2879H LIN 24
: @87AH LIN 25
: @87AH LIN 26
g @87EH LIN 27
: @882H LIN 28
! @886H LIN 29
4 938AH LIN 20
@868DH LIN 31
@899H LIN 32
@891H LIN 33
@891H LIN 24
@899H LIN 25
@89CH LIN 36
@8R1H LIN 7
@8ALH LIN 38
@8ALH LIN 29
@8ABM LIN a0
@BAEH LIN a1
@8AFH LIN a2
ASB3H LIN 44
A8ESH LIN 45
9SECH LIN a6
i @8C1H LIN a7
; @8C2H LIN as
ﬂ @3C2H LIN 45
g @8C7H LIN 50
: @eC8H LIN s1
@3C8H LIN 52
@8COM LIN 53
@SUBH LIN 54
@SEOH LIN S5
@3F2H LIN s6
DEFOH LIN 57
@990H LIN 58
@9a7H LIN 59
@92CH LIN 60
@911H LIN 61
@912H LIN 62
89184 LIN 64 .
P925H LIN 6s )
#931M LIN 66 ~
0938M LIN 67
@93FH LIN €8 - .
@942H LIN €s ) ff
09431 LIN 70 -
©943H LIN 71
@949H LIN 72 :
@94CH LIN 73 )
254DH LIN 74

MOD RESULTSMODULE
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QC T

80N

- 38D4H

28D03H
3806
3807H
3IB00H
OR24H
380AH
Q94EH
B9S6H
2964H
096BH
2974H
297BH
8988H
B@991H
@99FH
PIA7H
@9B4H
09BCH
@3C8H
09D4H
V9EEN
O9ESM
OSFBH
BROAM
ORLZH
QRGEH
VR9DH
GAC2H
aB24H
PB3CH
BRZ4M
BRZBH
OA36H
OASSH
BREEH
SREDH
@RGEM
BHGEH
BReFH
OATZH
PA7EH
OATEH
ARETH
GRSEH
OAY1H
BHIIH
DRITH
“RSDH
BARBH
JACZH
ARCZH
ORCEH
GACEH
YRD7H
RADOH
ORESH
BRAERH
OBOOH
oRo6H
oBaCH
OB1ZH
BB19H
BB1FH
QE249H

SYM

svm
sy
SvM
Syn
syM
sy

svM
sYM
SyYm
SvM
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN

Lt arrn

1

b4

SUMSHOTS
NEARMISSES
AVGTIME
CONVRT

HEX

RIFLEID
TOTALSHOTS
RIFLEHIT
RIFLEMISS
RIFLELOW
RIFLELOWRIGHT
RIFLERIGHT
RIFLEHIGHF IGHT
RIFLEHIOM
RIFLEHIGHLEFT
RIFLELEFT
RIFLELOWLEFT
RIFLETURKEY

RIFLETARGET IGNORED

BLANK
HOMWMRNYSHOTS
AVERMGET 1ME
UN1TS
YOURSCORE

PRESENTRESULTS
ONERIFLERESULTS

TYPEIT

sSuM

sumM2
49
26
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oBseH il oY i .
oB5oH LIN e1 ; ;B
@BS7H LIN 82 : o f
@BSCH LIN 83 :
@BSAH LIN 84 _ £
| @B88H LIN 85 “ K
= @B8FH LIN 86 Ly 4 ;
i 9B9SH LIN 8?7 }
OBISN LIN 88 o '
1 OB9FH LIN 83 v 1
i B @BB6H LIN 99 i ¢
98B LIN 91 E
@BBFH LIN 92 3 ’
ABD2H LIN 93 ; !
BE0SH LIN 94 i
@BDBH LIN 95 L
OBF2H LIN 96 » . :
@BFSH LIN o7 W ;
@BFBH LIN 93
- AC12H LIN a9
3 QCASH LIN 100
1 @C1BH LIN 191 2 ;
@C32H LIN 102 .
4 9C3ISH LIN 103 -
{ @C3BH LIN 164 }* .
L @CS2H LIN 105 . A
{ @CSSH LIN 106 ¢
BCSBH LIN 107 - :
ec72H LIN 108 .ﬁ) :
OC?SH LIN 109 ;
WC7BH LIN 110 . ;
OC92H LIN 111 '} :
BCISH LIN 112 .y :
OC9BH LIN 113 :
9CBZH LIN 114 . :
QUESH LIN 1195 §
ACEEH LIN 116 - s
GLUZH LIN 117
WCDSH LIN 118 PN
BCUEH LIN 119 }
QUFZH LIN 126 =
QUFSH LIN 121
SCFEN LIN 122 . }
: BU12H LIN 123 «,
3 o01SH LIN 124
‘ BOLEN LIN 125 ..
BU2EH LIN 126 )
BLIEAM LIN 127 -
BOSTH LIN 128
AU4FH LIN 129 -
B0S4M LIN 130 )
@0PCH LIN 121 ~
A084H LIN 132
B0'SFM LIN 132 ) }
JOSEM LIN 1324 o
PD90H LIN 135
O0AZM LIN 136 ) ,
OULASM LIN 137 ") d
BUAEM LIN 138 - _
QUEIN LIN 139

oUBIH LIN 140 ‘
O0BEN LIN 141 )
B0CIN LIN 142 -
B80C7H LIN 143

80COM LIN 144

OB LIN 145 o
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391FH
380BH
@DDFH
GEOSH
OE22H
OE48H
38DCH
33DDH
OE7EH
OEDSH
38DEH
3IBEOH
38E2H
IBE3H
OF62H
BE6EH
38E4H
3BEEH

9E7EH
BESSH
OESFH
VEI4H
QES7H
QERZ2H
QERSH
QERDH

QEBBH
BGEC1H
QECEH
BECSH
BECFH
GED4H
OED4H
PEDOSH
QEOFH
GEEDH
BEFSH
aF12H
aFz4H
OF zBH
OF 30H
AF 4EH
BF SAH
aF SEH
IF&1H
AFS2H
OF&2H
OFBBH
OFCiH
OF I
Bk DEM
OFE4H
OFF AR
OFF2H
FFeH
OFFUH
1002H
1007H

LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
LIN
MoD
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TIMECREDIT

N
COMMENT
HX2ZRS
HEXADR.
DECRDR
N

M
COMPOSITE
comF
OVERALL
DECHUM
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52 '
52 ' : b
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s6 {3
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FH Sy NEFORY .
SYM  INTERRUPTROUT INE

1008H LIN 3
100CH LIN 4
19414 LIN S5
10154 LIN 6

MEMORY MAP OF MODULE UIWT
READ FROM FILE :FA:UIWT. TMP
WRITTEN TO FILE :(FL1:UIMWTY
MODULE START ADDRESS @0G1H

STRRT STOP LENGTH REL NAME

H aH 14 A  RABSOLUTE
1M 10AFH 410AFH R FAESOLVUTE
13FCH  13FEM 34 A RESOLUTE
1
;
3
L
!
c-12

N
$
M
¥
;
i
é
H
¢
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ISIS-11 IXREF

ISIS-1I IXReF, Vi 4
INVOKED BY:

~DIREF :Fi:s IX] TITLEC/UINT VERSION 1.2 INTER-MWODULE CROSS-REFERENCE') &

PRINTC.FL UINT. REF)

INTER-MODULE CROSS-REFERENCE LISTING

UINT VERSION 4.2 INTER-MOD'LE (ROSS-REFERENCE e o

wE. . ATTRIBUTES:  MODULE, NAPES

AOER . . . . STRUCTURE(S;  RIFLEDATANODULE RESULTSMODULE

WGTINE. . ADDRESS; RESULTSMIDULE  FINALNODULE

BITOUP. . . . . PROCEDURE;  CONSOLENODULE  STRRTUPNODULE

N ... PROCEDURE BYTE; CONSOLEWOOWLE TESTPROCNODWLE STARTUPMOOULE

CLOCKRERD. . . . PROCEDURE RODRESS: TIMERWIOULE RIFLEDATAWODULE TESTPROCNOOULE MAINUINTMOOULE

COwENT. . . . . PROCEDURE; FINALMODULE  RESULTSWODULE

CONPOSITE PROCEDURE;  FINALNODULE  RESULTSMODULE

oot . PROCEDURE; CONSOLENODULE  RIFLEDATAMODULE  TESTPROCIODLLE PRINUINTWODULE  RESULTSWODULE
STARTUPMODULE  FINALNODULE

DATE . . .. . . BYTE(12); STARTUPODILE RESULTSNODLE

DECINL. BYTE(3); RESULTSNOOULE CONSOLEWODLE  STARTUPWODULE

DELTATINE ADDRESS:  RIFLEDATANOOULE  MAINUIMTMODULE

DN . .. PROCEDURE;  TESTPROCNIDULE  TESTMODWLE

FAIL. ... PROCEDURE;  TESTPROCMODULE

FILE. . . ... BYTE; RIFLEDATAMODILE RESULTSMODILE STARTUPMODULE FINALNODULE

FIRSTSHOT BYTE(S); RIFLEDATANODULE MAINUINTMODULE  STRRTUPNODULE

PR . . . .. BVTE;  RIFLEDATANODULE

GETRIFLEDATR . . PROCEDRE; RIFLEDATANODLLE MAINUINTMOULE

GREETING PROCEDURE;  CONSOLEWIOULE  MAINUINTMODULE

HISTORY. . . . . BYTECS); STARTUPODULE  RIFLEDRTANODULE

RS, . . PROCEDURE;  F INRUNODULE

0FLAG . . . . . BVIE, STARTUPNIDULE RESULTSODULE

TOMPEER BYTEC7):  STARTUPMODULE  RESULTSMODULE

INTERRUPTROUTINE  PROCEDURE:  INTERRUPT?  STARTUPWODULE

lO%eST . . . . . PROCEDURE;  TESTPROCMODULE  TESTMODULE

LSTINEBVIE . . . BVIE TINERMWODULE

WSTIMEBYTE . . BVTE; TINERWOOWE

NE . STRUCTURE(S);  STARTUPMODULE RESULTSMOOLLE

NERRMISSES BYTE, RESLTSMODULE FINALMODILE

PORTSET. . . . . PROCEDURE;  STRRTUPNIDULE  TESTPROCHODULE

PRESENTRESLTS  PROCEDURE: RESULTSWODULE MAIMJINTMODULE

PRINT. . PROCEDURE:  CONSOLENOOULE  TESTPROCODILE RESILTSNODILE  STARTUPNDILE  FINALMCOULE

PRNTMN . . PROCEDURE; CONSOLENODULE  TESTPROCNODULE  RESUL TSWODULE

RRATST PROCEDURE; o0 UNRESOLVED o+ TESTODILE

REALGONE BYTE: MAINJINTIOOULE  STARTUPNODULE

RIE . . . BVIE; RIFLEDATANODULE RESILTSMOOLLE ¥ INALMODWLE

RIFLESWOT. . . . PROCEDURE BVTE: RIFLEDNTANODILE MAIMINTWIDULE |

ROWTST . . . PROCEDURE:  +# UNRESOLVED we  TESTNIOULE :

WTIN . . PROCEDURE; oo UNRESOLVED o0 TESTPROCMODULE ;

SCORE. . . . . STRUCTURE(S); RIFLEDATANODILE RESULTSMODULE  STARTUPNODULE  FINALNODULE |

SETDRTA . . . PROCEDURE; STARTUPMODULE PIFLEDATAMODILE MATMUINTIODULE

SHOTFLAG . . . . OVTE: RIFLEDATAWBMLE STARTUPOOULE )

SHOMORST. . . PROCEMAE: RIFLEDWWEILE MAINUINTWOCULE i

PEED. . . . . .

STRUCTURECS);  RIFLEDATRINIDULE RESULTSMODWLE  STARTUPWODULE  F INALWODLE C o




UINT VERSION 4. 2 INTER-WODLE CROSS-REFERENCE . Y A

STRRTUP. . . . . PROCEDURE; STARTUPMCOULE MAINUINTMODULE /i

SAMSHOTS . . . . BVTE; RESULTSMODILE FINALMODULE
TFRGETAVAILABLE  PROCEDURE BVTE; RIFLEDATRMODULE MAINUINTMODULE _
TARGETOOMNTINE .  RODRESS: MATNUIWTMODWLE } :
TARGETEXPECTED .  BVTE;  MAINUINTMODILE .7
TRRGETTINE . . . AODRESS: MAINUINTMODULE RIFLEDATAMODILE ¢

st . ... PROCEDRE; TESTODULE  PATNUIMTNODULE ¢

37 O BVTE; WAINUINTMODULE RIFLEDATAMODULE STRRTUPMODULE o i

. S AOORESS:  TINERMODULE ‘
TINERSTART . . . PROCEDURE; TIMERWODULE TESTPROCMODILE MAINUINTWODULE b
TINRTEST. . . PROCEDURE; TESTPROCMODULE TESTMODULE ¥

RN . ... BYTE; MAINUINTMODULE  STRRTUPMODILE  INTERRUPT? *
TSTCHECK . . . . BYTE; TESTPROCMOOULE MAINUINTMODLLE ¥

TIVRES . . . . PROCEDURE; CONGOLEMODULE TESTPROCMODULE  RESULTSNODULE i

TIVSET . . . . PROCEDURE; CONSOLENODWLE  TESTPROCMODIRE  STARTUPHODULE .
TIVIINER . . . . PROCEDURE; TINERMODULE TESTPROCMODULE CONSOLENODLLE

}_ WREY . .. BYTE; MAINUINTMODWLE RIFLEDATAMODULE  STARTUPWODULE
IAOV . . . . PROCEDURE; CONSOLEMOOULE TESTPROCNODILE MATMUINTMODULE

‘ WPISTROBE. . . . PROCEDURE; RIFLEDATAMODULE TESTPROCMODULE STARTUPMODULE .‘
- USARTTEST. . . . PROCEDURE; TESTPROCWODULE TESTWODWLE :
: VOTRRXSET . . . PROCEDURE; CONSOLEMODULE TESTPROCMODULE . :
f VOTRRXTIMER, . . PROCEDURE; TINERMODULE TESTPROCMODULE CONSOLEWODILE : )
VOTRES . . . . PROCEDURE;  CONSOLEMODILE  TESTPROCMODULE MAINUINTMODWLE L
WHOFRILEDTOSHOOT PROCEDURE; RIFLEDATAMODULE  MATMUINTMODULE . :

Cy

WOOULE DIRECTORY ~ i

- ;

WOULE NWE . . FILE NWE  DISKETTE NRE

~——

CONSOLEMOOULE. . CONSOL. PLN  UINT. TST

FINLMOOWE . . FINAL PN UINTL 3

INTERRUPT?7 . . . INTERPLM  UINTL 3 i
WINUINTIODULE . MRINUL PLM  UINTL. 2 -
RESULTSMOOWE. . RESWLT.PLM UINTA 3

RIFLEDATAMODULE. RIFLE PLM  UINTL 3 )
STRRTUPMODLE. . START.PLM  UINTL 3 <
3 TESTMOOWLE . . . TESTER PLW UIMT. TST
i TESTPROCMODULE . TSTPRC. PLM  UINT. TST )

TINERMOLLE . . TIMER PLW  UINT. TST .




PL/1-80 COMPILER

ISIS-11 PL/A-08 V2 4 COMPILATION OF MODILE MAINUTNTMODULE

OBJECT MODULE PLACED IN :F1:MAINUI. 0BJ
CONPILER INVOKED 8v: PLMG® :F1:MAINUL PLN IXREF DEBUG DATE (1 FEB 79)

19
11

13
14

15

-

RN =

NN e

/¢ THIS PROGRAM WRS MRITEN BY H.C. TOMLE IN THE NINTER AND SPRING OF 1978 o/

/s 1T RSSUNES THE SYSTEM HRS BEEN RESET PRICR TO RUNNING ¢/

/e THIS MODIFICATION. WHICH RESULTS IN A CHANGE TO UIWT VERSION 1 2
RESULTS FROM THE REQUIREMENT TO SHON THE WORST SHOOTER s/

MATNSUTHTSNODULE :
00;

SHONSHORST : PROCEDURE EXTERNAL;
END SHOMSWORST;

DECLARE CLERRSRCCUMLLATOR BYTE AT (0) DATR(GAFH): /= RFH=DEXCLUSIVE OR
ACCUMILATOR WITH ITSELFe/
TYROV: PROCEDURE EXTERNAL: /& CHECKS USART TRANSMIT BUFFER FOR "EMPTY" o/
B TRDY:

VOTRES: PROCEDURE EXTERNAL: /s VOTRAX RESET SEE CONSOL WOOULE #/
END VOTRES:

COUT: PROCEDURE (1TEW) EXTERNAL: /% SENDS R BIT OUT THROUGH USART s/
DECLARE ITEM BVTE;
END COUT;

DECLARE USARTSCONTROL LITERALLY ‘9EDH’, /¢ RDDRESS OF USART CONTROL P. 3-32 o/
USARTIRESET LITERALLY “48M’; /¢ PETURNS 8251 TO MODE INST FORMAY
REF. PAGE 2-43 »/

STARTSUP  PROCEDURE EXTERNAL;  /+ SET 1/0 FOR RIFLE ETC. »/
EN;

TARGETSAVAILABLE . PROCEDURE RYTE EXTERMAL: /» CHECKS FOR AN IR SPOT
IT NILL RETURN 4 IF IR SPOT IS FOUND. «/
Bo;

TINERSSTART: PROCEDURE EXTERNAL; /¢ STERT 8253 REGISTERS »/
ob;

CLOCKSRERD: PROCEDURE ADDRESS EXTERNAL; /¢ READS CLOCK FOR TARGET & SHOTS s/
0;

RIFLESSHOT: PROCEDURE BYTE EXTERMRL; /s WRITS FOR ANY PIFLE SMOT o/
END;

GETSRIFLESOATA PROCEOURE EXTERMAL; /7 READ & RECORD INPUT BYTE o/
END;

SETSOATA: PROCEDURE (POINTER, LENGTH, VRLUE) EXTEPNAL;
DECLARE POINTER ADDRESS, (LEMGTH, VALUE® BVTE;
END SETSORTA.

1FEB79 PRE 1

;
%
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PRESENTORESULTS: PROCEDURE EXTERNAL; /¢ OUTPUTS DATR TO CONSOLE +/
EN:

DECLARE TSTCHECK BYTE EXTERNAL;

TEST: PROCEDURE EXTERNAL;
END TEST:

DECLARE FOREVER LITERALLY ‘MNILE 1/;
DECLARE COUNTERSSET LITERALLY ‘QERSFN’;
DECLARE (TRAINING, JX) BYTE;
OECLARE TRAIN BYTE PUBLIC AT (. TRAINING);
MHOSFAILEDSTOSSHOOT : PROCEDURE EXTERNAL; /¢ IDENTIFIES WHICH RIFLE NISSED
A TARGET SHOT OPPORTUNITY o/
0;
GREETING: PROCEDURE EXTERNAL: /¢ PRINTS GREETING YO CONSOLE ¢/
END;

TURKEVSTEST: PROCEDURE; /¢ CHECKS FOR A 4 SECOND TINE ELAPSE SINCE TRRGET DOMN o/
1F TARGETSOOMNSTIME )= CLOCKSREAD THEN
DELTRSTINE = TRRGETSOOMNSTIME - CLOCKORERD:
ese
DELTRSTINE = 1 + C&MER’SET + TARGETSOONNSTINE - CLOCKIRERD:
IF DELTASTINE D 208 THEN
TURKEY =
ELSE TURKEY = 6;
END TURKEYSTEST;

DECLARE DELTASTIME ADDRESS EXTERNAL:

DECLARE FIRSTSSHOT(D) BYTE EXTERNAL:

DECLARE TRRGETIDOMNSTINE ADDRESS PUBLIC:

DECLARE (TARGETSEXPECTED, TFLAG, REALSGONE) BVTE PUBLIC:
DECLARE TURKEY BYTE PUBLIC;

DECLARE TARGETSTINE ADDRESS PUBLIC;

/¢ END OF DECLARATIONS »/

/e PROGRAN STARTS - /

TESTSBOARDSCHECK . DO:
IF TSTCHECK THEN /¢ IF ROM EXTENDER BORRD 1S NOT PRESENT, THE 68/20 TINES
OUT AND HILL READ 88 INTO THE ACCLASALATOR o/
CRLL TEST; /#PERFORM 08/20 BORRD CHECKe/
END TESTSBORRDSCHECK;
UINTSPROGRAM: DO FOREVER;

INITIRLIZE:
(ALL TIMERSSTART;

CALL STARTSUP;
CALL GREETING:

CALL TMROY; /s INSURES "GREETING® HARS BEEN COMPLETED ¢/

C.16
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CALL WHOS$FRILED$TOSSHOOT:
ORLL SETSDRTAC. FIRSTSSHOT, 5, 4); /¢ NEXT SHOT AT A TARTET WILL BE TIMED ¢/

‘nm—umnm - AFEBT PRGE 3
- 82 CALL VOTRES: /& SHITCH TO VOTRAX LINE & CHANGE TO 9609 BRUD /
i-p 6 2 TARGETIOOMNSTIME = CLOCKSRERD + 208; /s FOR TURKEY TEST o/
. 66 2 SESSION:
i, 0O WHILE TRRINING: /¢ HE NILL END WITH AN "ESCRPE® FROM CONSLE +/
6 3 IF TRRGETORVAILABLE OR RIFLESSHOT THEN
8 3 ACTION: 00; /¢ EITHER A RIFLE SHOT OR A TARGET AVAILABLE o/
i 6 4 IF TRRGETSAVAILABLE THEN
.- % 4 GOTSONE : DO:
n s IF NOT TFLAG THEN ,
730 NEMSCOE - DO /¢ A NEN TARGET MRS APPERRED »/
o1 oe TARGETSTINE = CLOCKSRERD:
6 RERLSGONE = ©;
s 6 TFLAS=L;
; 7% 6 TURKEY = §;
. 76 END NENSONE;
%S IF RIFLESSHOT THEN
35 GOODSDATR: CRLL GETSRIFLESDATR;
M S B0 GOTSONE;
ELSE  /# ELSE THERE IS NO TRRGET, BUT A SHOT MRS FIRED &/
B 4 NOSTARGET:  DO:
€25 CALL TURKEVSTEST;
& 5 CALL GETSRIFLESDATA;
M S END NOSTARGET;
& 4 00 ACTIN
BISE /¢ ELSE THERE IS NEITHER A TARGET NOR SHOT #/
8@ 2 NOSACTION: DO;
4 IF TFLAG THEN /& THAT IS, THERE WRS A TRRGET ON LAST PRSS &/
3 4 TGONE: DO;
85 TARGETSDOMNSTIPE = CLOCKSREAD;
W 5 TFLAG = &;
N 3 END TGOME:
92 4 IF NOT REALSGONE THEN |
30 4 HATTSONE : DO; |
w 5 CALL TURKEYSTEST:  /+ ME NILL HOLD REALSGONE=@ FOR ONE SECOND */ (
®” 5 IF TURKEY THEN /¢ WE SCORE °TARGET IGNORED® ONLY IF REALSGONE=1 #/ 1
% 5 RECORD$GONE : DO; ‘
9 6 REALSGONE = 1;
[
3
1™ 6 CALL SHOMSMORST;
I END RECORDSGONE;
192 S END WATTSONE:
TCX END NOSACTION:
1 2 END SESSION:
105 2 ENDING:
CALL PRESENTSRESULTS:
6 2 LALL TXRDY:
1w 2 OUTPUTCUSARTSCONTROL ) <USPRTHHESET;

o~ o s e a s
-

O 1w 2 END UINTSPROGRAM;




PLA-88 COMPILER
DD MAINUINTHODULE:

MODULE INFORMATION:

CODE AREA SIZE = &463H 259 i
VARIABLE AREA SIZE = 000RH 16D

MAXIMUN STACK SIZE = 0806H @ :
167 LINES READ " .
© PROGRAM ERROR(S)

END OF PL/-80 COMPILATION
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IS1S-11 PL/W-88 V3. 4 CONPILATION OF MODULE STARTUPMODULE
OBJECT MODULE PLACED IN :F1:STRRT 08J
I’ COMPILER INVOKED BY: PLMBO :F4:START. PLN 1XREF DEBUG DATE (25 JIN 79)
I 4

g SNOINTVECTOR
1 STARTSUPSMODULE : 00
'i . 2 1 BITSDUNP: PROCEDURE EXTERNAL: /% IN CONSOLESMODULE ¢/

3 2 END BITSOUNP;

4 1 DECLARE INTERRUPT? LITERALLY ‘43FCN’,
CRLLSIT LITERALLY ‘3N

5 1 DECLARE INTERRUPTSCRALL STRUCTURE (JUMP BYTE, WHERESTO RDDRESS) AT C(INVERRUPT?)
DATA (CALLSIT, . INTERRUPTSROUTINE);

6 1 DECLARE LIT LITERALLY ‘LITEPALLY’,

RESETS8212 LIT “OFOM’,
ENABLESIML LIT “16W, ¢
PORT3 LIT ‘0E6H”, ¢
PORTE LIT ‘OERH", :

GROUPL LIT ‘GETH’,  /» 9255 CONTROL. REF. PAGE 3-68 OF 08/20 MANURL /
NORDL LIT “S2H/, /e PORTS 4 & 2 INPUT, 3 OUTPUT ALL MODE 0. PAGE 413 — &/
GROUP2 LIT “9EBH’, /% PRGE 3-68 &/
NORD2 LIT ‘SO, /% PORTS 4,5 & 6 ALL QUTPUTS MODE @ +/
USARTSCONTROL LIT “8EDN’, /7% PAGE 348 &/
USARTSRESET LIT “48H’, /% INTERNRL RESEY. PRGE 343 o/
MODESSET LIT ‘@CEN’, /e SETS 2 STOP BITS, 8 BITS, 16X PAGE 3-18,~41 & 448 o/ ‘
/% ISE 4FH FOR 1 STOP BIT, 2 BIT WORD & 64X o/ :
COMRNDINORD LIT “27°; /2 SETS TRANSNIT/RECEIVER RERDY,
( DATR TERMINAL RERDY, REQUEST TO SEND. ¢/
- /% SEE PAGE 3~43 AND STEP 4B OF MDS MONTTOR SHADOW PRON ¢/ ‘
DECLARE DECIMAL(3) BYTE EXTERNAL;
8 1 DECLARE RISTORY(S) BYVE PUBLIC; /¢ THIS MILL
- IDENTIFY MHICH RIFLE MRS SHOT AT A PFRTICILAR TRARGET +/
9 1 DECLARE SCORE(S) STRUCTURE CMISS BYTE, HIT BVTE, LON BVTE, LOMSRIGHT BVTE,
RIGHT BYTE, HIGHSRIGHT BVTE, WIGH BYTE. NIGHSLEFT BVTE,
{ LEFT BVTE. LOWSLEFT BVTE, ERROR BYTE, TURKEY BVTE.
: TARGETSIGNORED BVTE) EXTERNAL;
10 1 DECLARE (SHOTSFLAG, TURKEY. FILE, TFLAG, RERLYGONE) BYTE EXTERNAL,

A AT Vet 1 £

-
(TS

{ FIRSTSSHOT(S) BYTE EXTERNL,

.- SPEED(S) STRUCTURECSHOTS BYTE, TIMESSUN ADORESS) EXTERMAL:
n o1 DECLARE TRAIN BVTE EXTERNAL;

( 2 1 DECLARE ADICHL LITERALLY ‘0GH’, /e REF PRGE _-188 o/

- ADION LITERALLY “GO9W’;

3 1 DECLARE OCML LITERALLY ‘7FW';

Y
(" 14 1 OECLARE CRLF LIT “80M, OFH’ .
NVE (3) STRUCTURE (LETTER(9) BYTE: PURLIC,
DATE (12) BVTE PURLIC.




. BN PRGE 2
{
IDSMMBER (7) BYTE PUBLIC, i
' PROWPT LIT 38N,
NN (16) BYTE DATA(1S. ‘TODAY- S DATE?”, CRLF), .
UINTSIO (21) BVTE DATA (20, ‘VINT/SHAT VER 1 3',CRLF), /¢ CHANGED 6/25/79 &/ ..

/s TINES FOR “FAST®, °SLON®, ETC IN °FINAL. PLM" MERE INCRERSED ¢/ .
/8 AT AL WARSHALL’S INSTRUCTIONS. A CHANGE IS ALSD BEING MADE o/ '
/¢ IN THE “SHONSWORST® PROCEDURE IN RIFLE PLM TO AVOID THE s/ o,

/¢ PROBLEM WHERE ONLY FOUR RIFLES ARE SWOOTING ==)> RIFLE 5 IS +/
/e THE WORST BECAUSE OF ALL THE THRGET IGNOREDS & THERE 1S NO ¢/
/% RIFLE 05 *MORST-RIFLE® LIGNT. +/
IDENT (19) BYTE DATR (18, “EXERCISE NMNBER®’, CRLF), .
QUERY (22) BYTE DATA (21, ‘WANT 10? YES OR NO. /,CRLF), ,! ;
TRAINEES (26) BYTE DATA (25, ‘ENTER NAMES OF TRAINEES',CRLF), .
ONSRIFLE (10) BYTE DATA (9, ‘ON RIFLE *),
X 1. J,K X) BYTE, ..
10$FLAG BYTE PUBLIC; J
15 1 TIVSSET: PROCEDURE EXTERNAL; i
16 2 END TTVSSET; /¢ USED OMLY MHEN USART IS IN RESET CONDITION ¢/ ./
17 1 CIN: PROCEDURE BYTE EXTERNAL: ~}
18 2 B CIN; " ;
19 1 COUT: PROCEDURE (ITEM) EXTERNAL; -
X 2 DECLARE ITEN BYTE; - g
28 2 e OOUT;
2 1 PORTSSET: PROCEDURE PUBLIC: .
2 2 OQUTPUT(GROUPL)=HORD1: /¢SET CONTROL MORD INTO GROUP 1 170 PORTS «/ b
2 2 OUTPUT(GROUP2)SMORD;; /#SET CONTROL WORD INTO GROUP 2 1.0 PORTS #/ -
D 2 END PORTSSET;
26 1 PRINT: PROCEDURECPTR) EXTERNAL, 4k
7 2 DECLARE PTR ADORESS:
x 2 END PRINT; . )
3 1 SET$DATA: PROCEDURE (POINTER, LENGTH, VALUE) PUBLIC; h
B 2 OECLARE (POINTER, FINAL) RDDRESS, o
(LENGTH, VALUE, SET BRSED POINTER) BVTE: )
3102 FINAL = POINTER ¢ LENGTH - 1 ~
2 2 LOOP: 00 MMILE POINTER (= FINAL;
3 3 SET = VALUE; - )
4 3 POINTER = POINTER+{; -
% 3 £ LOOP;
% 2 END SETSDATR: . )
, wod INVERRUPTSROUTINE: PROCEDURE INTERRUPT 7 EXTERNAL: ~
} B2 END INTERRUPTSROUT INE;
™1 UPISSTROBE: PROCEDURE EXTERNAL; \,..,)
“® 2 END UPI$STROBE;
a1 SIMALATESRIFLES: PROCEDURE; ‘ )
a2 2 QUTPUT(PORTE)=08M; /¢ TELL 1PT-~41 TO SIMAMTE RIFLE DATA ¢/
3 2 CALL UPISSTROBE; ;
“ 2 6N SIMAATESRIFLES;

G2




43 COPILER

S 1 OECLARE CTRLY LIT ‘44N‘, RUNSTYPE BVTE;

/onsssssesstesees END OF DECLARATIONS ooetgesttssssssssss/

:‘/
?p
"«

6 1 STANTAP: PROCEDRE PUELIC,
1, @ 2 AL SETsoRTRC. SOORE. 63, 0);
€ 2 CAL SETSORTAC HISTORY,S.®);
49 2 CAL SETSORTAC FIRSTSSHOT.S, 1):
S St 2 CALL SETSOATAC DECIMAL.3.6);
2 2 TREVeS
| B2 TN
. - “ 2 mm = .i
S 2 SO =S
S6 2 FILE= 4 /e WHOSSHOT FIRST INCREYENTS FILE. MODS (DIVIDES) BY S,
: LE 5/5:1 WITH REWAINDER = 8. NON, RIFLESFILEM,
‘ SO ME START MITH RIFLE 81 11! #/
S? 2 REALOOE = L /s TARGET HAS NOT BEEN AVRILABLE FOR OVER 1 SEC. o/
8 2 CALL PORTSSET;
9 2 OUTPUT(PORT3) = NOT RESETSR212; /% KILL CLEAR ALL 8212 DATA
LATCHES FOLLOWING STROBE o/
60 2 OUTPUT(PORT6) = ENRBLES9Z11, /o THE LEADING EDGE OF THE STROBE #/
61 2 QUTPUT(PORTE) = & /¢ THE TRAILING EDGE o/
6 2  DOX=9T0O1% /e CLEARS THE XX FF DATA LATCHES o/
* 6 3 UTPUTCPORT3) = NOT JK O 6FW;
" o4 3 QUTPUTCPORTE) = ENRBLESI3LL;
6 3 QUTPUTCPORTE) = 8;
6 3 END;
{ 6 2  DISABLE
68 2 CALL TTVSSET;
‘ 69 2 SETINT: QUTPUTCROICHL)=(LOCINTERRUPT?) AND GEBH) + 1P
™ 2 QUTPUT (RDTCHR) =HIGH( INTERRIPT?):
A2 QUTPUT(ROICR)=00M; /¢ WASK ALL BUT INTERRLPT 7 o/
{ /¢ ME WM OBTRIN IDENTIFICRTION DATR FOR THE SESSION. IF NEEDED +/

2 2 CALL COUT(8DN); /2R
L 772 OMLCOUT(OMM): /e LF o/
- 2 AL COUT(ORN):
( S 75 2 CALL PRINTC UIMTSID);
=% 2 CALL COUTComM);
77 2 CALL PRINTC QUERY);
< 7 2 CAL OUTPUT (PROWPT):
U 902 Xk
0 2 RNSTVPE = X; /% SAVE TNPUT FOR TDENTIFICRTION OF CONTROL T o/
o 81 2 CALL COUT(X);

c-2]
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: 83 2  CALL COUTCORM); /e CR.LF o/ ,,
84 2 IDOFLAGSS; /% CONTROL FOR 3D PRINT-OUT AT END OF SESSION #/ |
; 3
F 8 2  IF %=’V TN ’
v 8 2  GETSID: DO ‘
8 3 1DSFLAGRY; : )
8 3 CLRIORTE: CALL SETSDATAX. DATE. 12, 80N); /¢ CLEARS "DATE" o/ ;
8 3 CALL PRINTC. HN); ) !
% 3 CALL COUTCPRONPT); !
‘ 9% 3 DATE(®)=A4; :
! R 3 GETSDATE:
00 1s4 10 9; ;
# 3 ¢ ¥eCIN; o
9 4 IF %=00H THEN 1=9;
% 4 CALL COUTCX); -
97 4 DATECD) = % Wi
% 4 B0 GETIATE
9 3 CALL COUT(@DH); Ty {
100 3 DATE(11) = OAW; /¢ LF o/ ~/ ;
19 3 CALL COUTCORN); n
162 3 CALL SETSDATAC. IDSNNBER. 7,00H); /e FILLS *ID MMBER® WITH (R o/ ‘} !
163 3 CALL PRINTC. 1DEMTY; . }
184 3 CALL COUTCPROWPT); )
185 3 CALL BITSOUNP; /e CLEAN OUT USART INPUT BUFFER o/ o
10 3 TOSNUMBER(8)56; ~- }
167 3 GETSIDSMMBER: DO 11 TO & /% A 4 PLACE °I0° o/ ; :
198 4 X=CIN; L
199 4 IF ¥%s00M THEN 1=4;
4 CALL COUT(X); :
12 4 IDSNMBER(1)=X; \..)
13 4 £ GETSIDONMMNEER:
e 32 ORLL COUTCOON); )
15 2 T0SMMBER(6)=0R: ~-
16 3 CRLL COUTCORM); ,
)
$97 3 CALL SETSDATRC. NAIE. 45, 00M); /s FILLS MWE MATRIX WITH CR o/
1s 3 CALL PRINTC. TRRINEES): g }
. 19 3 GETSNANES - .
i 00 158 10 4; /% FOR FIVE TRAINEES ¢/ )
t i
: 120 4 ORLL PRINTC ONSRIFLE),
121 4 CALL COUTCRMe]); ;

: Cc-22 ]
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122 4 CALL COUT(OOH); i
123 ¢ CRLL COUTCORN); ‘
i s 14 4 CALL COUTCPRONPT); i
T 125 4 AL BITOU; g
1 126 4 NREC]). LETTER(0)%6; W
127 4 OENNE: g
, 00 J=1 10 6; /e GETS NWES UP TO 6 LETTERS LONG o/ i
. 1 s ®CIN :
129 S IF %e@DN THEN J=6: 3
, 171 NPECD). LETTER()=X; ;
L 122 5 CALL COUTCX); 4
© oS ONENRE; :
134 4 ORLL COUTCEOM); /e R & :
i 135 ¢ NPECD). LETTERS) = 06 /8 LF o/ ;
. 136 4 CALL COUT (ORM); :
137 4 END GETONRES: '
; 38 3 B0 ESI
1 ;
' 139 2 IF RUNSTVPE = CTRLT THEN A
9 2 CALL SIMLATESRIFLES;
4 2 END STARTSUP; .
2 1 B0 STARTSUPIMODULE;
 MODWLE INFORMATION: "
‘ CODE AREA SIZE = 33FN 831D :
VRIABLE WER SIZE = 05H 820
WKIMM STACX SIZE =000 4 ;
248 LINES REFD :
 PROGRAN ERROR(S) :
{
/ £ OF PL/W-80 CONPILATION
i
{
{
C -
o c-23




F PLA-60 CORPILER

i 1SIS-11 P60 V3 1 CONPILATION OF MODULE TIMERMODULE

OBJECT MODULE PLACED IN :Fi:TIMER 0B)
COMPILER INVOKED Bv: PLMB® :F1:TIMER PLM DEBUG IXREF DATE (23 OCT 78)

1 TIVERSMODILE : 00;

/¢ TRIS MODWLE SETS THE 8253 MODES AND READS REGISTERS. NOTE THAT ALL
THREE 8253 GATES MUST BE HIGH' ALL PAGE REFERENCES ARE T0 THE 88/20
REFERENCE MANUAL 96-317C o/

2 1 DECLARE LIT LITERALLY ‘LITERALLY',
COUNTER® LIT “00CH’, COUNTERL LIT “GDDN‘.
COUNTER2 LIT “G0EN’, CONTROL LIT ‘GOFW’; /¢ SEE PAGE 2-7 o/

3 1 DECLARE CNTROMODE LIT /34H’, /¢ 2 BYTES, MODE 2 PAGE 3-76 o/
CNTRIMODE LIT ‘74K, /¢ 2 BYTES, NODE 2 &/
ONTRZMODE LIT “086H’; /e 2 BYTES, WODE 3 +/

1 /¢THE FOLLONING 2-BYTE MORDS ARE THE “BAUD RATE FACTORS® TRBLE 4-34 P 4-48 »/

4 1 DECLARE LOMB LIT ‘0°, /¢ COUNTER O PERIOD IS S MILLESECONDS o/
HIGH® LIT “15W/,
LOWL LIT “SFW/, /¢ COUNTER 1 PERIOD IS 5 WINUTES o/
HIGME LIT ‘0ERN’, /¢ 3 3 RIN = 68 (SEC/MIN) / 6 085 SEC -1 IN HEX s/
JexonessdSET P FOR 200 BRUD eoestetesesns/
LON2 LIT ‘GEOM’, /¢ COUNTER 2 FREQUE'LCY 1S 4.8 2 v/
HIGH2 LIT ‘99’, /¢ SEE PAGE 3-38, AND NOTE THAT THE 8254 IS SET FOR 16X ¢/

&
Vv’

LONSVOTRAX LIT “O7H’, .l
HIGHSVOTRAX LIT “68H’; /e SETS VOTRAX QUTPUT TO 9600 BAUD +/ -

5 1 DECLARE TIMESLATCH LIT “4@H‘,  /« A COUNTER 1 LATCH PAGE 3-84. #/

(LSSTIMESBYTE, MSSTIMESBYTE) BYTE PUBLIC: - j
6 1 DECLARE TIME ADDRESS PUBLIC; } i
4 .

1 DECLARE LOMSTINESBYTE BYTE AT (. TIME), NIGHSTIMESBYTE BVTE AT ¢ TIME ¢ 1);
8 1 TINERSSTART: PROCEDURE PUBLIC }
9 2 QUTPUT(CONTROL)=CNTROMODE; /& SET COUNTERS @ & 1 MODES o/
: 19 2 OUTPUT(CONTROL )=CNTRIMODE:
' 1n 2 OUTPUT(COUNTER®)=L.0M®; /¢ INITIRLIZE COUNTERS #/ -y
122 2 OUTPUT(COUNTER®)=HIGHS; .
13 2 OUTPUT (COUNTERS ) =LOML
" 2 OUTPUT(COUNTERL ) sHIGM; _
15 2 B0 TINERSSTART; )
16 1 TTVSTINER- PROCEDURE PUBLIC: .
17 2 OUTPUT(CONTROL ) =CNTR2WODE: }
18 2 OUTPUTCCOUNTER)SLON2; /¢ WORDS FOR 300 BAUD o/ .-
19 2 OUTPUTCCOUNTER2) sH1GH2:
» 2 B TIVSTINER: )
‘ a1 VOTRAXSTINER: PROCEDURE PUBLIC; /¢ SET VOTRAX TO 9600 BAUD o/
! 2 2 OUTPUT(CONTROL ) =CNTR2M0E;
] B 2 OUTPUT (COUNTER2) =L OMSVOTRAX; )
: M 2 OUTPUT(COUNTER ) sH1GHEVOTRAX; :
5 2 B0 VOTRAXSTINER;
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CLOCKSREAD: PROCEDURE ADDRESS PUBLIC; /e GETS THE CONTENTS OF COUNTER 1 ¢/
OUTPUT (CONTROL ) =T INESLATON;

LONSTINESBVTE s INPUTCCOUNTERY )i

HIGHST IMESBYTE=INPUT (COUNTERY );

RETURN TIVE;

END CLOCKSRERD;

60 TINERSNODULE;
3

QC RgBAINR
(YN Y ey

e

NOOULE INFORMRTION:

CO0E AREA SIZE = O04SM
VARIFBLE ARER SIZE = 000NN
g MAXIMM STACK SIZE = 0008
. %9 LINES RERD

0 PROGRAN ERROR(S)

ss$

f EN0 OF PLA69 CONPILATION
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ISIS-11 PL/M-60 V3 { CONPILATION OF MODULE RIFLEDATANOBVLE

O0BJECT MODULE PLACED IN :F1:RIFLE. 0BJ
COMPILER INVOKED BY: PLNGO :F1:RIFLE PLN DNREF DEBUG DRTE (25 "N 79)

1 RIFLESDATASNODULE : 00;
/¢ INCLUDES VARIOUS PROCEDURES FOR RIFLE DATA 1/0 +/

s

2 1 DECLARE MESSRGE BVTE:

3 1 COUT: PROCEDURE (ITEM) EXTERWAL;

4 2 DECLARE 1TEM BYTE.

S 2 B COUn

6 1 SCORIT: PROCEDURE(SHOTSLOCATION. FILE);

? 2 DECLARE (SHOTSLOCATION. FILE) BYTE;

8 2 ADDERCFILE). J(SHOTSLOCATION)=RODER(FILE). J« SHOTSLOCATION) +1,
9 2 EN SCORIT;

/s DECODE TRANSLATES QUADRANT DATA INTC SMOT POSITION. NOTE THAT
ERRORS ARE TREATED A MISSES. TWUS A “HIGH-LOW® OR A “LEFT-RIGHT"
NHICH SHOULD NEVER OCCUR IS A WISS YO SCORE RS ERRORS CHANGE THE
SECOND AND THIRD @ OF DECODE INTO "10° o/
1 DECLARE DECODE(16) BYTE DATACO, 2,4.3.,6.9,5.4,8,9,0.2,7,8,6,1)

10

11 1 CLOCKORERD: PROCEDURE RDDRESS EXTERNAL:

12 2 B0 CLOCKSRERD;

13 SETSORTA: PROCEDURE (PTR. LENGTH, VALUE) EXTERNAL:
5

1
2 DECLARE (LENGTH, VALUE)BYTE. PTR RDDRESS:
2 END SETSDATA;

16 1 DECLARE FIRSTSSHOT(S) BYTE PUBLIC;

17 1 OECLARE LIT LITERALLY ‘LITERALLY/,

HIGHRD LIT ‘08¢, LONSD LIT ‘4/, RIGHTH® LIT "2, LEFT®D LIT ‘37,

HITRO LIT ‘4%, NISSHD LIT “5’, NOSMD LIT ‘6, TRRGETHD LIT ‘7,

SOLDIERSWD L1T ‘8, YOUMD LIT “9’, ARD LIT ‘0AN .

WASHD LIT ‘08M’, MRINESRD LIT “GCH, ENEWVRD LIT “QDH’,

AVAILABLEMD LIT 32/, FROZESD LIT ‘OFW,

PORTL LIT ‘GE4N’, /¢ PAGE 3-68 OF 88/20 MANUAL ¢

PORT2 LIT “QESW,

PORT3 LIT “GE6H’,

PORT4 LIT ‘GEON’,

PORTE LIT “GERH’,

ENRBLEL LIT “10M/;

DECLARE COUNTERSSET LIT “GEASFH’; /e INITIAL VALUE 5 MIN COUNTER o/

DECLARE HISTORY(S) BYTE EXTERNAL:

DECLARE (TURKEY, TFLAG) BYTE EXTERNAL:

DECLARE SCORE(S) STRUCTURE(NISS BYTE, WIT BVTE, LOW BYTE, LOMORIGHT BYTE.
RIGHT BYTE, WIGMSRIGNT BVTE, WIGM BVTE. MIGNS! EFT BVTE,
LEFT BVTE, LOMSLEFT BVTE, ERROR BVTE, TURKEY RYTE,
TARGETSTGNORED BVTE) PUBLIC;

/% ME WILL USE “ADDER® TO COMPUTE TOTAL SMOTS o/

2 3 OECLARE ADDER(S) STRUCTUPE ( J(13) BVTE) PUBLIC AT ¢ SCORE):

RBLE
- e s e
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DECLARE SPEED(S) STRUCTURE(SHOTS BVTE, TIMESSUN MDOPESS) PUBLIC:
DECLARE TOTALSTINE RDORESS:

DECLARE DELTASTINE ADDRESS PUBLIC:

DECLARE (FILE, RIFLE, FPTR) BYTE PUBLIC:

DECLARE SHOTSFLAG BYTE PUBLIC

DECLARE TARGETSTIME ADORESS EXTERNAL:

DECLARE RIFLESID BYTE;

DECLARE CRTSSTROBE LIT ‘000100008

UPISSTROBE : PROCEDURE PUBLIC;
OUTPUT(PORT3) = CRT$STROBE;
QUTRUT(PORT3) = &

END UPISSTROBE;

TRRGETOAVAILABLE: PROCEDURE BYTE PUBLIC: /* GIVES *TRUE® IF TRRGET PRESENT o/
DECLARE TRRGET BYTE:

TARGET=INPUT(PORT2);

RETURN TRRGET; /¢ PORT 2 BIT NUMBER @ WILL BE HIGH IF TARGET PRESENT ¢/

B0 TARGETSAVAILABLE;

RIFLESSHOT: PROCEDURE BYTE PUBLIC: /¢ RETURNS °TRUE" IF SHOT FIRE(: o/
SHOTSFLAG=INPUTCPORTL); /¢ “SHOTHFLAG® IS TRUE MHEN SHOT FIRED' ¢/
RETURN SHOTOFLAG:

END RIFLESSHOT;

GETSRIFLESOATA: PROCEDURE PUBLIC;
DECLARE SMOTSOATA BYTE.
UNRESOLVED: 00 MHILE SHOTSFLAG:sINPUT(PORTY):
SHOTSORTR=S; /e NEEDED TO ENTER FOLLONING "NHOSSHOT® ROUTINE ¢/
WHOSSHOT: DO MHILE NOT SHOTSOATA;
FILE = (FILE+1) MOD S /¢ FILE @ CONTRINS RIFLE MPBER 1 DATA.
FILE 1 =) RIRLE 82, ETC &/
RIFLE=FILE+L;  /o°FILE" IS INTIALIZED OMLY ONCE. THUS
WE START CMECKING WERE ME LEFT OFF o/
SHOTSOATA=SHR(SHOTIFLAG. RIFLE);
DN WHOSSHOT; /¢ "RIFLE® EQUALS SHOOTING RIFLE MUYEER ¢/

RIFLESID = RORCRIFLE, 3); /¢ GET RIFLE D INTO HIGH ORDER BITS o/

IF NOT TURKEY THEN
L1
IF FIRSTSSHOT(FILE) THEN
HOMNSQUICK - 00;
IF TARGETSTIME )= CLOCKSRERD THEN
DELTRSTINE = TARGETSTIME - CLOCKIRERD;
as
OELTASTINE = COUNTERSSET + 4 + TRRGETSTIME - CLOCKSRERD:
SPEEDCF ILE). TIMESSUM=SPEEDCFILE). TIMESUN + DELTASTINE:
SPEEDCFILE). SHOTS = SPEEDCFILE). SHOTS ¢ &;
FIRSTSSHOTCFILE) = ©;
D HONSQUICK;
;

HISTORVCFILE) = 4;

OUTPUT(PORT3)=NOT RIFLE "ND OFM; /e SETS 9311 RDORE -5 OF /DS1 LINE @ RIFLE o/
OUTPUT(PORTE) = ENRBLEL, /s LATCHES SHOTSOATA FROM RIFLE ONTO BUS o/
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SHOTSOATA=INPUT(PORT2):

OUTPUTCPORTE) = &; /¢ RETURNS /D54 # RIFLE HIGH AND DROPS 8212 FROM RUS o/ -
OUTPUTCPORT3)=NOT(OH OR RIFLE) A OFN; /¢ ADORESSES 9311 /GOT OATA ¢ RIFLE o/

OUTPUT(PORTE) = ENRBLEL;
OUTPUT(PORTE) = &;

CALL COUT(OFFM);
CALL COUT(GCEM + FILE):

IF (NOT TURKEY) AND TFLAG THEN

OKSDATA: DO; /» ADD IN NEW SCORE DATA. RSSUME FOR PORT 2 THAT
BIT 4 = LOW BIT 2 = RIGHY
BIT 3 = HIGH, BIT 4 = LEFT &/

CALL SCORTTCMESSAGE : =DECODE( SHR(SHOTSOATR. 1) AND OFH), FILE);
OUTPUT(PORT6) = NOT(RIFLES$ID + MESSAGE) AND 11101111B;

CALL UPISSTROBE;

YOTRAXSMESSAGES: DO CASE MESSAGE;

CALL COUT(NISSHD):
CALL COUTCHITRD);
CALL COUT(LON®D);
00;
CALL COUT(LONSID);
CALL COUTCRIGHTSD);
ND;
CALL COUT(RIGHT®D);
DO:
CALL COUTCHIGHD);
CRLL COUT(RIGHTRD);
00;
CALL COUT(HIGHSWD):
00;
CALL COUTCHIGHSD);
CALL COUTCLEFTHD):
0;
CALL COUT(LEFTHD);
00;
CALL COUT(LON®RD);
CALL COUT(LEFTHD);
END;
END VOTRAXSMESSAGES:
END OKSDATA:

IF URKEV THEN
00;
TURKEVSDATR: SCORE(FILE). TUR EV = SOMRE(FILE). TURKEVL
OUTPUT(PORT6> = NOT(RIFLES]! + 6BN) AD 111011118;
CALL UPI$STROBE;
CALL COUT(NOSID):
CALL COUT(TRRGETHD):

/¢ RERDS QURORANT DATR o/

/s OUTPUT “SYN® MESSRGE TO VOTRAX o/
/¢ RIFLE ADDRESSED o/

/¢ SENDS TURKEY TO CONSOLE CRT o/
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IF (NOT TFLAG) AND (NOT TURKEY) THEN
00;

SCORECFILE). NISS = SCORECFILE) MISS + L

OUTPUTCPORTE) = NOT(RIFLESID + 0AH) AMD 111611148;

CALL UPISSTROBE; /e SENDS "MISS, LATE® MESSAGE TO CONSOLE CRT »/
CALL COUT(MISSSND);

3,7

CRLL COUT(@FFN); /¢ YOTRAX SIGN-OFF o/

END UNRESOLVED;
END GETSRIFLESDRTR:

WHOSFRILEDSTOSSHOOT : PROCEDURE PUBLIC;
00 FPTR=0 T0 4;
RIFLESID = ROR(FPTR#4, 3):
IF HISTORY(FPTR)=@ THEN
00
SCORE(FPTR). TARGET$1GNORED=SCORE (FPTR). TRRGET$IGNORE!+1;
QUTPUT(PORTE) = NOT(RIFLESID + GCH) AND 111011118;
CALL UPISSTROBE; /¢ SENDS TARGET IGNORED TO CONSOL CRT o/
CALL COUTCOFFW); /¢ YOTRRY "INT® MESSRGE s/
CALL COUT(OCEN ¢ FPTR): /% ADDRESS RIFLE NOT SHOOTING ¢/
CALL COUTCYOUSND);
CALL COUT(FROZESWD);
CALL COUT(8FFN); /7% END OF VOTRAX MESSRGE o/
3
END;
CALL SETSOATAC. HISTORY, S, 8);
END NMOSFAILEDSTOSSHOOT:

SHOMSWORST - PROCEDURE PUBLIC:
DECLARE BRDSWORD BYTE;
DECLARE BROSNEMS(S) BYTE:
HOWSBRD: DO FPTR = 0 T0 &
BROSNENS(FPTR) = &;
IF SPEED(FPTR). SHOTSOO@ THEN /¢ AVOIDS *WORST-SHDOTER® IF NO RIFLE AT FPTR ¢/
BADSNENS(FPTR) = SCORE(FFTR) MISS + SCORE(FPTR). TURKEY ¢
SCORE(FPTR) TRARGET$IGNORED;
END HOMSBRD;
BROSNORD = 1;
RIFLE = 4;
HUNTSMORST: DO FPTR = @ T0 3;
IF BROSNENS(FPTR+1) = BROSNENS(RIFLE-1) THEN
BADSHORD = BRDSNORD OR PIL (B8N, (FPTR + 2));
IF BRDSNENS(FPTR+1) > BRDSNENS(RIFLE-1) THEN
Do;
RIFLE = FPTR ¢ 2,
BADSHORD = (BADSWORD AND @) OR ROL (88M, RIFLE);
END;
END HMUNTSNORST; ¢ RIFLE MRS VALUE OF NORST SHOOTER o/
OUTPUT(PORT4) = BROSNORD:
END SHOMSMORST;

END RIFLESDRTR$MODILE,




PL/M-88 COMPILER

MODILE [NFORMATION:
C00E ARER SIZE = 387 951D

VARIABLE ARER SIZE = 086 10D
MRXINUN STRCK SIZE = 0004H ®
222 LINES RERD

0 PROGRA® ERROR(S)

T Ty
PR - |

END OF PL/-68 COMPILATION
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\ . 1SIS-11 PL/M-80 V3.4 COMPILATION OF MODULE CONSOLEMOOULE :
. OBJECT MODULE PLACED IN :F1:CONSOL. OBJ g
‘ COMPILER INVOKED BY: PLMG® :F1:CONSOL PLM DEBUG IXREF DRTE (12 OCT 78) L
-, 1 CONSOLESMODULE : DO; —_ E
/¢ THIS MODULE CONTAINS CONSOLE 1/0 ROUTINES o/
2 1 DECLARE USARTSORTA LITERALLY ‘UECH’, /% PAGE 3-48 OF 96/20 MANUAL ¢/ g
. USARTSSTATUS LITERALLY ‘GEDH’, /% PRGE 3-44 +/ i
ESC LITERALLY ‘4B’ /% ASCIT “ESCAPE® o/ .
, WX LITERALLY ‘7FN’, g
L ZERO LITERALLY /30W°, -
CR LITERALLY “80N’, LF LITERALLY ‘0AH’, g
ENRBLES9314 LITERALLY ‘164, !
: PORT3 LITERALLY “@E6N’, g
> PORT6 LITERALLY ‘GERM’, .
TIVSLINE LITERALLY ‘@GN, ;
VOTRRXSLINE LITERALLY 09/, :
USRRTSCONTROL LITERALLY ‘OEDH’,
¥
Jeswrnras THE SILENT 760 1S HEREAFTER DEFINED AS A TTY ssusesssnsnse/
TTYSMODE LITERALLY ‘O4EH’, /s & STOP BITS, 8 BIT, 16X, P. 3-30.41,4-48 ¢/
VOTRAXSMODE LITERALLY “4EW’, /¢ DITTO EXCEPT 4 STOP BIT #/ ;
USARTSCOMAAND LITERRLLY ‘27W’, /s DATA TERNINAL FERDY, ETC o/
USARTSRESET LITERALLY “4@H’,
HELLO (18) BVTE DATA (17, CR.LF,LF,LF, “LEV’’S START’. (R, LF):
T DECLARE DECIMAL(3) BVTE EXTERNAL; :
4 1 DECLARE (1, Y, G0S) BYTE; :
5 1 TIVSTINER: PROCEDURE EXTERWL 1
6 2 END; : 1
T VOTRRXSTIMER: PROCEDURE EXTERNAL;
8 2 END;
{
9 1 TTY$SET: PROCEDURE PYBLIC;
19 2 OUTPUT(PORT3) = TTYSLINE: /¢ WILL DIRECT USART QUTPUT TO TTVY #/
1 2 QUTPUT(PORTE) = ENRBLESI31Y;
12 2 OUTPUT(PORTE) = @;
; 13 2 CALL TTYSTIMER; /¢ SETS UP FOR 110 BALD ¢/
) 14 2 OUTPUT(USARTSCONTROL) = TTY$MODE;
. 15 2 OUTPUTCUSARTSCONTROL) = USARTSCOMARND:
{ 16 2 END TTYSSET:
17 1 TIVRES: PROCEDURE PUBLIC; /e TTY RESET o/
{ 18 2 OUTPUTCUSARTSCONTROL) = USARTSRESET;
L 19 2 CALL TTVSSET;
28 2 END TTVRES:
i; A 1 YOTRAXSSET : PROCEDUPE PUBLIC
2 2 OUTPUT(USARTSCONTROL) = VOTRAXSNOOE;
2 2 OUTPUT(USAPTSCONTROL = USARTSCOMNND;
o M 2 END VOTRRXSSET;
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VOTRES: PROCEDURE PUBLIC; /s VOTRAX RESET o/
OUTPUT(USARTSCONTROL) = USARTSRESEY:
OUTPUTCPORT3) = VOTRAXSLINE:

QUTPUT(PORTE) = ENABLESI3LL
QUTPUT(PORTE) = &;

CALL VOTRAXSTIMER;
CALL VOTRAXSSET:

B0 VOTRES:

CIN: PROCEDURE BVTE PUBLIC; /= GETS R BYTE FRON THE CONSOLE o/
REROV: DO WHILE NOT SHRCINPUT(USARTSSTATUS) 1); /e 1.E WHILE INPUT BUFFER
IS NOT REMDV o/
DO RRDY:
RETURN MRSK AND TNPUT(USARTSDRTR);
END CIN

TRDY: PROCEDURE PUBLIC;

DO WHILE NOT SHR(INPUT(USARTSSTATUS), 2);

END;
B TXROY;

COUT: PROCEDURE (ITEM) PUBLIC: /% QUTPUTS "ITEM® o/
DECLARE ITEM BYTE:

DO WHILE NOT(INPUTCUSARTSSTATUS));

END;

QUTPUT (USARTSOATA)=1TEM;

END COUT;

BITSOUMP: PROCEDURE PUBLIC;
Y = INPUT(USARTSDATR);
END BITSOUMP;

/¢ "Y* HERE IS A BIT-BUCKET »/

PRNTNUM: PROCEDURE PUBLIC:
G0S=0;
00 10 TO0 2
IF <y =DECIMALC])) O ZERD THEN
605=1;
1F GOS THEN CRLL COUT(Y)Y;
END:
CALL COUT(CR);
CALL COUT(LF);
END PRNTNUM

PRINT: PROCEDURE(POINTER) PUBLIC:
DECLARE (POINTER, FINAL) ADDRESS,
CHAR BRSED POINTER BYTE;
FINRL=POINTERCHAR;
(OOP: DO WMILE POINTER < FINAL;
POINTER=POINTER+1;
CALL COUT(CHAR);
0 L0oP;
END PRINT;

/¢ FIRST CHAR IS CHAPACTER COUNT o/

GREETING: PROCEDURE PUBLIC:
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CALL PRINTC. HELLO);
CALL BITSOUWP;
ENRBLE;

END GREETING:

END CONSOLES$MODILE:

MIDLE INFORMATION:

CODE AREA SIZE = MOFH 271D
VARIABLE ARER SIZE » 000K 80
MRXIMUM STACK SIZE = 8804H L
115 LINES READ

© PROGRAN ERROR(S)

END OF PL/M-88 COMPILATION
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PL/M-68 COPILER

t ISIS-11 PL/M-88 V3.4 COMPILATION OF MODULE RESULTSMODULE
-' 0BJECT MODULE PLACED IN :F1:RESWLT 0B)
COMPILER INVOKED BY: PLMGO :F1:RESULY. PLN IXREF DEBUR DATE (3 OCT 78)

F
, 1 RESULTSSMODULE : 00;
|

2 1 TIVRES: PROCEDURE EXTERNAL
3 2 DD TIVRES;

4 1 COMPOSITE: PROCEDURE EXTERNAL:

5 2 B0 COPOSITE:

6 1 COMENT: PROCEDURE EXTERNAL:

? 2 END COMMENT;

8 1 COUT: PROCEDURE (LTR) EXTERNAL:

9 2 DECLARE LTR BYTE;

10 2 END COUT;

1 1 PRINT: PROCEDURE (POINTER) EXTERNAL:
12 2 DECLARE POINTER ADDRESS:

13 2 END PRINT;

14 1 PRNTNUM: PROCEDURE EXTERNAL
15 2 END PRNTMM;

% 1 DECLARE (RIFLE, FILE) BYTE EXTERAL:
17 1 DECLARE CR LITERALLY ‘00M’, LF LITERALLY ‘ORH’;
18 1 OECLARE SCORE (5) STRUCTURE(MISS BYTE, WIT BYTE, LON BYTE, LONORIGHT BYTE,
RIGHT BYTE, HIGHSRIGHT BYTE, HIGH BVTE. WIGMSLEFT BYTE,
LEFT BYTE. LOMSLEFT BVTE, ERROR BVTE, TURKEY BVTE,
TARGETSIGNORED BVTE) EXTERNAL;
DECLARE DECIMAL(3) BYTE PUBLIC;
1 DECLARE (1,2 BYTE,
(SUMSSHOTS, NERRSNISSES) BYTE PUBLIC:

R
[ ]

1 DECLARE ADDER(S) STRUCTURE(J(13) BYTE) EXTERNAL:

A

2 1 DECLARE SPEED(S) STRUCTURE(SHOTS BYTE., TIMESSUM ADDRESS) EXTERNAL;
31 DECLARE AVGSTIME ADDRESS PUBLIC;

4 1 COMVRY : PROCEDURE (HEX);

b - J] DECLARE HEX BYTE;

% 2 00 120 T0 2;

3 OECIMAL(2-1)= HEX MOD 10 + 30H;

8 3 HEX = HEX /7 16;

3 3 END:

¥ 2 END CONVRT;

K3
R
3
g
3
36

DECLARE RIFLESID(S) BYTE DATA7, ‘RIFLE. ');

DECLARE TOTALSSHOTS(14) BYTE DATA(13, ‘TOTAL SWOTS: /.
DECLARE RIFLESHIT(7) BYTE DATR(6, ‘HITS: );

DECLARE RIFLESMISS(9) BYTE DATA(S, ‘NISSES: );

DECLARE RIFLEALON(?) BYTE DATA(G, ‘LONS: ‘);

OECLARE RIFLESLOMSRIGNT(13) BYTE DATA(2, ‘LON RIGNTS “);

- pa pe e pe
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. ¥ 1 DECLARE RIFLESRIGHT(9) BYTE DRTA(S, ‘RIGHTS: *);
3 1 DECLARE RIFLEOMIGHSRIGNT(14) BYTE DRTR:13, ‘HIGH RIGHTS: *);
c o ¥ 1 DECLARE RIFLESHIGH(8) BYTE DRTA(Z, ‘WIGHS: *);
., ® 1 DECLARE RIFLESHIGHSLEFT(13) BYTE DATA(12, ‘HIGH LEFTS: /);
4 1 DECLARE RIFLESLEFT(8) BYTE DATAC7, “LEFTS: *);
€ 1 DECLARE RIFLESLONSLEFT(12> BYTE DATAC1L, ‘LON LEFTS: *);
i 43 1 DECLARE RIFLESTURKEY(12) BVTE DATR(1L, ‘NO TRRGET: ');
< 4 1 DECLARE RIFLESTARGETSIGNOPED(18) BYTE DATR(17, ‘TRFGETS IGNORED: );
45 1 DECLARE BLANK(3) BYTE DATAC2 (R, LF); -
4 1 DECLARE HOMSWANVSSHOTS(18) BYTE DATA(17. ‘TARGETS SHOT AT: *);
4 @« 1 DECLARE AVERAGESTIME(1S) BYTE DATR(14, ‘AVERAGE TIME: /);
@ 1 DECLARE UNITS(8) BVTE DATA(7, *SECONDS’ )
o 1 DECLARE YOURSSCORE (18) BYTE DATR (27, YOUR RESLLTS ARE:*);

DECLARE NAME(S) STRUCTURE(LETTER(9) BYTE) EXTERNAL,
DATE (11) BYTE EXTERNAL,
TDSNUMBER. (6) BYTE EXTERNAL,
I0SFLAG BYTE EXTERNAL:

g

St 1 PRESENTSRESULTS: PPOCEDURE PUBLIC
W 2 DISABLE;
CALL TTYRES: /% RESET FOR TTY OUTPUT SEE (ONSOL MODILE ¢/

N
o~
o

~

54 CRLL PRINTC BLANK):
B 2 CALL PRINTC. BLANK);

5% 2 IF IDSFLAG THEN DO:
¢ 3 CALL PRINTC DATE):
5 2 CALL PRINT(. 1DSNUMBER>.
6 3 END;
61 2 CALL PRINT( ELANK);
6 2 CALL PRINT(. BLANK),
f \ 63 2 ONESPIFLESRESILTS: DO RIFLE=L TO 5;
§ o4 2 IF SPEED(RIFLE-1) SHOTS <> @ THEN
) & 2 TYPESIT: 00;
{
& 4 CRLL PRINT(. BLANK);
! & 4 CALL PRINTC RIFLESID,

4 CALL COUT(RIFLE+30M);

"y 4 CALL PRINT(. BLANK),
e 4 CALL PRINT(. BLANK);

4 IF IDSFLAG THEN

7: 4 CALL PRINTC NAPE(RIFLE-1));
74 CALL PRINTC YOUR$SCOREY:

B4 CALL PRINTC. BLANK,

6 4 FILE=RIFLE-1;

L
L.
(.} 74 4 CALL PRINT( BLANK);




/o8 TWILER ' o IR R -
n o« CALL PRINTC. TOTRLESHOTS); ’
% 4 SUMSTS = &
79 4 SM: 0028 TO 4L g
% S UNSSHOTS = SUNSSHOTS + RODER(FILE). J(2);
81 5 B0 S
R NERRSNISSES = &
8 4 IW2: 002227109
M 5 NERRSNISSES = NERRSWISSES + ADOER(FILE). J(2);
8% S 80 M
;‘ % 4 CALL CONVRTCSUNISHOTS);
, & ¢ CALL PRNTNUM
? & 4 CALL PRINTC. RIFLESHIT);
8 4 CALL CONVRT(SCORECFILE) MITY;
% 4 CRLL PRNTM
9 4 ORLL PRINTC. RIFLESMISS); f
92 4 .CALL COMVRTCSCORECFILE). MISS): ' .
* 27 ¢ CALL PRNTUR )
T

M 4 CALL PRINTC. RIFLERLOW); ~
% 4 CALL CONVRT(SCORECF ILE). LOW);
% 4 CALL PRNTNUM: - }

9 4 CALL PRINTC. RIFLESLOMSRIGHTY;
% 4 CALL CONVRT(SCORE(FILE). LOWSRIGHY):
9 4 CALL PRNTNUM; :

1 4 CALL PRINTC. RIFLESRIGNT);
4 CALL CONVRT(SCORE(FILE). RIGHT); '
E e 4 CALL PRNTMM; <

e 4 CALL CONVRT(SCORE(FILE). HIGHSRIGHT);
w4 CALL PRNTNUM;

Li w4 OALL PRINTC. RIFLESHIGHSRIGHT); .

4 CALL PRINT(_RIFLESHIG); i |
i " 4 CALL CONVRT(SCORE(FILE) HIGH); 1
w4 CALL PRNTNUN '

e 4 CALL PRINT( RIFLESHIGHSLEFT): : }
g 16 4 CALL CONVRT(SOORECF ILE). HIGHSLEFT).
] i1 4 CALL PRNTNIM; )
A5 4 CALL PRINT( RIFLESLEFT):
14 CALL CONVRT(SCORECFILE). LEFT);
14 4 CALL PRNTNN; )

CALL PRINT! RIFLESLONSLEFT);
s 4 CALL CONVRT(SCORE(FILE). LOMSLEFY), )
174 OALL PRNTNLM.

SRS
-—
-

o~

154 CALL PRINTC RIFLESTURKEYY:
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|
I; 19 4 AL COWRT(SCORECFILE). TURKEY): !
120 4 CALL PRNTWN ;
T 120 4 CALL PRINTC RIFLESTARGETSIGNORED); ]
s 42 4 CAL COWRT(SCORECFILE). TRRGETSIGNORED):
123 4 OALL PRTMIS f
1 120 4 CALL PRINTC HOMSHANSSHOTS); ¢
15 4 CALL COMRT(SPEEDCFILE). SHOTS): M
126 4 CALL PRNTAM '
; ‘
S 17 4 O PRINTC AVERRGESTINE); ?
128 4 IF (2:=PEEDCFILE). SHOTS)=0 THEN 251 ]
138 4 AVGSTINE = (SPEEDIFILE). TINESSNV20)/2; s
U 131 4 AL COMRTCLONAVGSTIND)); :
1322 4 [FZ:DECINL(O) O 30 THEN CALL COUT(2); "
34 4 CRLL COUTCDECTIAL(1));
{135 4 OMLCOUTCBM; /e A PERICO OR DECINAL POINT o/ |
© 136 4 CALL CWTCDECINAL(D): »
137 4 CALL COUTC2OM); :
138 4 CALL PRINTC INITS); \
39 4 CAL COUTCOR)
40 4 OAL COUTCLFY ;
141 4 OAL PRINTC BLANK);
142 4 CALL COWENT; /e CONENT S T0 RERCTION TINE o/ :
;
143 4 OALL PRINTC. BLANK); ;
,, CONPOSITE 1S EASY T0 CHAWGE. 1175 IN MODULE "FINAL® ‘

14 4 CALL COMPOSITE;  /» THE COMPOSITE SCORE IS INITIALLY. = :
1000 (RITS/SHOTS) + GBs(NEAR NISSES/SHOTS) ¢
10+(TIME CREDIT FROM PROCEDURE °"COMMENT®. ABOVE)

! - 2e(NUMBER OF TRARGETS IGMORED> o/

145 4 CALL PRINTC. BLANK);

14 END TYPESIT;

»

147 3 END ONESRIFLESRESILTS:
148 2 ENRBLE;

149 2 END PRESENTSRESILTS;

g
»
\

C tw 1 ENO RESULTSMODWLE;

CODE AREA SIZE = 491H 11690
WRIABLE AREA SIZE = 00ORH 16D by

'R |
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! NRXIMUN STRCK SIZE = 0006H @
23 LIES Re
© PROGRAN ERROR(S)

B0 OF PL/-80 CONPILATION
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z ISIS-11 PLA-80 V3 § COMPILATION OF MODULE FINALMODULE
a»  OBJECT MODULE PLACED IN :F1.FINAL. 0BJ
{ ,  COPILER IWOKED BY: PLNOO :FLFINAL PLN DREF DEBUG DATE (23 JWN 79)
L 1 FINALOMODWLE : DO0; -
2 1 DECLARE SPEED(S) STRUCTURE(SHOTS BYTE, TIMESSUN ADORESS) EXTERNAL. ‘
(FILE, RIFLE, SMESHOTS, NEARSMISSES) BYTE EXTERNAL, |
{ N BYTE, AWGSTINE AOORESS EXTERWL, i
’ SCORE(S) STRUCTURE(MISS BYTE, WIT BYTE, LOW BYTE, LOMORIGHT BYTE, 3
RIGHT BVTE, NIGWORIGHT EVTE. HIGH BVTE, -,
{ HIGNSLEFT BVTE, LEFT BYTE, LOMOLEFT GYTE.
. ERROR GVTE, TURKEY BYTE. TRRGETSIGNORED BYTE)
EXTERNAL,
. FAST (42) BYTE DATA (41, ‘WAN'' YOU’‘RE THE FRSTEST SHOT IN THE KEST"),
v 000D (25) BYTE DATR (24, “HEV! YOU'’RE PRETTY QUICK”),
FAIR (38) BYTE DATA (37, ‘OM MELL' THERE’’S HOPE IF YOU SPEED UP"),
POOR (38) BYTE DATA (29, “SORRY. BUT YOU/RE PRETTY SLON’),
{ CR LITERALLY ‘80N’. LF LITERALLY ‘0AN’,
- (TIMESCREDIT, N) BYTE;
, 31 COUT: PROCEDURE (LTR) EXTERNAL;
1 B 42 DECLARE LTR BVTE;
f 5 2 DO COUT;
! 6 1 PRINT: PROCEDURE (POINTER) EXTERMAL; é
7 2 DECLARE POINTER ADORESS: !
8 2 0 PRINT; o]
{ ;
" 9 1 COMMENT: PROCEDURE PUBL IC;
19 2 IF AVGSTINE <= 5 THEN
. 11 2 Wi
’ 12 3 CALL PRINTC. FRST);
13 2 TINESCREDIT = 3; :
1¢ 3 END; {
{ 15 2 ELSE IF AVGSTIME (= & THEN .
16 2 00; :
17 3 CALL PRINT(. GOOD);
{ 18 3 TINESCREDIT = 2;
19 3 END;
% 2 ELSE IF AVGSTIE (= 13 THEN
1 a 2 00;
2 3 ORLL PRINT( FRIR):
23 3 TIMESCREDIT = 1
1 4 3 END:
(w & 2 B 0o
% 2 CALL PRINT( POOR);
N 7 3 TIMESCREDIT = &
( : 28 3 oo:
~ 2 2 END COMENT;
» 1 HX2RS: PROCEDURECHENSAOR. OECSROR) PUBLIC:
n 2 DECLARE (HEXORDR, DECSADR) ADORESS,

HEX BASED HEXSAOR ADDRESS.
DECIMAL BASED DECSAOR (3) BYTE.

o s
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M08 COPILER

} R 2 ON=0T0 &
3 ; 3 3 4N
' § 3 DECIMAL(M) = NEX MOD 10 + 20M;
% 3 HEX = HEX/1;
% 3 00;
3 2 N=8;
B 2 0O MHILE DECIMAL(N) = 30H AND NCS:
i 9 3 OECINAL(N) = 28M; / REPLACE LERDING ZEROS NITM SPRCES o/
¢ ® 3 N=Ned;
£ a4 3 ;i
: @ 2 DD HX2RS;
a1 COMPOSITE: PROCEDURE PUBLIC:
“ 2 OECLARE COMP(24) BYTE DATR(23, ‘YOUR OVERALL SCORE IS: ),
OVERALL ADORESS,
DECOMN (S) BVTE;

45 2 OVERALL = 100s(SCORE(FILE). HIT)/SUMESHOTS + GOMERRINISSES/SUNSSHNOTS
+ 10eTINESCREDIT - 29(SCORECFILE). TARGETSIGNORED);
% .2 CALL PRINTC. COWP);

9 2 IF OVERALL < OFOOH THEN D0; /¢ 1. € CHECK FOR NEGRTIVE SCORE o/
9 3 CALL HX2RSC. OVERALL, . DECONUN);
® 3 DON=9T04;
1 4 CALL COUT(DECSMM(NY );
52 ¢ END;
3 3 END;
“u 2 CALL COUT(CR);
N 2 CALL COUTCLF):
56 2 CALL COUT(LF);
W 2 D COMPOS]TE;
R 1 END FINALSMODULE;
WIOLE INFORMATION:

CODE AREA S1ZE = G2M WD
VARIABLE AREA SIZE = 0O10M 10
MRXIMUN STRCK SIZE = GO0BH 0
85 LINES REMD

@ PROGRAM ERROR(S)

END OF PL/A*-80 COMPILATION
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ISIS=11 PL/H-88 V3. 4 COMPILATION OF MODWLE INTERRUPT!

0BJECT MODULE PLACED IN :F1:INTER. 0B)
COPILER INVOKED BY: PLMNO® :F1:INTER PLM INREF OEBUG DATE (3 OCT 78)

M‘.
} .

{
N MOINTVECTOR
i 1 INTERRUPT?: 00;
AN
2 1 DECLARE TRRIN BVTE EXTERNAL.
ROOOK2 LITERALLY “G0GH’, /o ADDRESS TO MMICH ME SEXND TME FOLLOMING
i NON-SPECIFIC B0 OF IWTENWPT: o/
) OCKE LITERALLY /20H": /s THE MON-SPECIFIC €01, SEE PAGE 3-108
AO PAGE 3400 &/
3 1 INTERRUPTSROUTINE: PROCEDURE INTERRUPT 7 PUBLIC:
‘2 TRAIN=S, /% FROGPAN NILL CRLL FOR RESWLTS TO BE TVPED OUT o/
5 2 QUTPUTCADOCH2) = OCKE; ' '
6 2 END INTERRUPTSROUTINE:;
7 1 DO INTERPTY:
MODULE INFORMATION: :
N0 AREA SIZE = 081N 1% t
VARIABLE ARER SIZE = 000N 8D ,
PRXIMU STACK SIZE = 000K 80 i
17 LINES RERD :
6 PROGRAM ERROR(S)
€N OF PL/N-G8 CONPILATION i
t é
{
}
i
{
i

c-n

.
o ~amens
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ISIS-11 MCS—48/AP1-41 MACRO ASSEMELER, V2 @

18 JAN 79
Lc o) SEQ

WONOAARAEWN =
~ e e w e we me e W

2 ;

BLE32328322R 283 RQUSARURYSEINRNRRBN

®rmr o we we mLr e wme % we e % me we Wi e e

SOURCE STRTEMENT

PRGE

1

ASSEMBLY LANGUAGE PROGRAM WRITTEN FOR THE UP]-4i
(UNIVERSAL PERIPHERAAL INTERFACE-41) DURING THE
SUMER TERM OF ACRDENIC YEAR 77-78 BY THOWAS J
RIGRDAN WHILE WORKING RS A GRRDUATE ASSISTANT
FOR DR HERGERT C. TOMLE AT THE NAVAL TRAINING
EQUIPMENT CENTER (NTEC) IN ORLANDO FLORIDA.

THE PROGRAM ACCEPTS A PARALLEL DATA TRANSFER FROM
AN QUTPUT PORT (8255) OF AN INTEL SBC-88/20~4
SINGLE BORRD CONPUTER SYSTEN THE DATR WORD IS
DECODED 70 OBYAIN A REFERENCE (OLUMN ON THE FACE
OF AN ADM CRT. THE CRT CURSOR 1S THEN POSITIONED
IN THAT COLUMN.  THE DATA WORD 1S FURTHER OECODED
T0 OBTAIN THE ADDRESS IN ROM OF R TEXT STRING MWICH
IS THEN SHIFTED QUT SERIALLY THROUGH AN 1/0 PORT
LINE OF THE UPI-41 AT 15200 PAUD. THE PROGRAN

IS INTERRUPT DRIVEN AND UTILIZES A FIFO STACK 10
BALANCE OUT DISPARITIES BETMEEN THE RATE AT MMICH IT
CAN SHIFT QUT SERIAL DRTA RS COMPARED TO THE HIGMEST
POSSIBLE RATE AT WHICH 1T MUST ACCEPT PARALLEL DATA

THE PUNTINE CONFIGURATION OF THE UP1-41 1S RS FOLLOWS:

REGISTER BANK @

REGISTER 8(R9)
REGISTER 1(R1)
REGISTER 2(R2)
REGISTER 3(R3)
REGISTER 4(R4)
REGISTER S(RS)
REGISTER 6(R6)
REGISTER 7(R7)

REGISTER BANK 1

REGISTER 8(R9)
REGISTER 1(R1)
REGISTER 2(R2)
FEGISTER 3(R3)
REGISTER 4(R¥)
REGISTER S(RS)
REGISTEP 6(R6)
REGISTER 7(R?)

PORY 1

7 BIT ASCIT CODE COUNTER

ASCII CHAR TO BE OUTPUT

COUNT FOR VARIFBLE DELAY

OUTPUT STRING FODRESS

MRSK VALUE FROM LOOKUP TRELE
BINARY CODE FOR CRT COLUMM POSITION
COUNTER FOR STRING OUTPUT

PARALLEL DATA TRANSFER

CURRENT DATA PCINTER
FINAL DATR POINTER

OUELE STATYS

ACCUMAATOR STOPAGE

UNUSED
CONSTANT=193D
CONSTANT=224D

TENPORARY OATA WORD STORAGE

SERIAL TRANSMISSICON ON BIT @

PORT 2 LINES 8-4 USED RS A WX INPUT T0 INHIBIT TEXT
STRING QUTPUT. LINE 7 USED TO ENRBLE (MIP SELECT
n-1

T T TSN T WO N TE A ¢RI T e AT A {0 e T —

e ey



1S1S-11 WCS~4@/UPI~41 WACRO ASSENILER, V2.0 PAE 2
18 )N 79 )
L0C 08J S SOURCE STRTENENT
R .
™
b ]
%
090 % oR6 ©
2000 40 58 P INIT  PRESERVE INTERRUPT VECTORS
ot b ) ; EXTERWAL INTERRUPT VECTOR
3 458 G ETING: B  DROUT ;JUP T0 INTERRUPT ROUTINE .
7 6 (RG 70 i TINER INTERRUPT VECTOR
P07 B46H 6 TININ:: 2P TIDRT ;TINER INTERMUPT ROUTINE
| oagR & ORG 180
| won % G INT: (P F8  SET FLAG SO INTERRUPTS NOT ENFELED
| 6 ;DURING INTTIALIZATION ROUTINE
| o8 ES 6 ML P2 MEM ;MRBER MILL DRIVE LINES 8-4 TO GROUND IN CRSE
6 ;THE SIMAATION PON [S GOING T0 6E RN 1.E -
68 i THIS WILL KEEP ERCH RIFLE FROM PICKING UP
6 ;AN EXTRANEOUS SHOT OUE TO THE OUTPUT LINES .
» ;CONING UP HIGN—08/28 6212 CLEAR NILL MOT .y
n ;NAVE BEEN OONE AT THIS POINT IN TIME—,
7 JLINES 5 & 6 NILL BOTM BE HIGH RS REQUINED
n ;0 LET AW EXTERWAL SIGL CONTROL THE TAR PRES FLAG, A
7 ;8UT NILL NOT ENAELE THE CHIP SELECT MHICH
e 515 TIED O LINE 7 -
| @0 B3R 7 WV RL AN ;ASCI] OWR TO CLEAR CRT SCREEN i
| NG 3438 7 CAL  OUTPUT S
. 11 3458 7 AL  DELAVY .
613 3R ) CAL  LOCSET ;SET UP CRT TO ACCEPT X COORD VALUE |
0015 B929 ) MV RLE26H ;X VALUE FOR COLUWN 1 ..
817 3439 o CALL  OUTPUT ;ROUTINE TO SEND ASCII CHARRCTER ]
9419 D5 & | e ;
@1 BID 8 WV RS,432D ; INITIAL VALUE FOR RERD NENORY POINTER ,
1C B2 84 MV R1, 8320 ; INITIAL VALUE FOR MRITE MEMORY POINTER )
AriE DGO & MV R0 CLEAR GUELE STATUS REGISTER
128 BEED o WV RS 0200 ;224 + 32 AVAILABLE LOTATIONS IN RN :
87 ;2 256 = OVERFLON ‘ :
®122 B 8 MV RS, 8930 1193 + G3(LAST RAN ADOVESS) = 256 =) i
89 + OVERFLON !
@24 960 % ML P2 060 ; ENFELE CHIP SELECT
26 65 9 oI ; ENFBLE EXTERNAL INTERRUPTS
Wz Fh RWIT. MV AR GET QUEE STATUS
w3 (527 2 JZ  WIT ;i IF QUEVE BPTY NO ACTION ‘
94 :
N
% ; t ;
97 ;
i 8 ;
@R Fe 9 START: WV A.GR® ;GET DATA FROM RAN LOCATION ,
B ¥ 109 WV R7.A i STORE DATA
et O 101 DEC R2  DECREMENT QUEVE STRTUS REGISTER
@D D 19 MV ARS 193 DECIML _
| GRVE 68 163 AD AR CHECK FOR LAST ACCESS BEING ® T0P OF RAN ’
L 8F %3 104 »n o con
T 165 WV R, 831D ;ONE LESS THAN BOTTON OF RAM
3 18 106 CONT INC RO ;NEXT RAW ACCESS LOCRTION
o034 FF 167 MV RR7 RETRIEVE DATA
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ISIS-11 NCS—48/UP1-41 MACRO ASSEMBLER, V2 8 PRGE 3 :
g iwn
Lot O8J 0 SOURCE STRTEMENT :
25 0933 (3 108 L REe rL
0036 ¥ 109 WV RZA ;STORE DATA &
. 0837 4319 119 ORL  AMEH ;SET BIT WHICH IS HARD NIRED LOW i3
3 939 37 114 L A &
¥ 3R 963E 112 N CONm [
003C 419 13 P RIFSIN ;1F CODE FOR RIFLE SIMULATION ROUTINE
i 114 sHRS SENT JUP 10 IT
X - 663 BRIF 115 CONTM: ORL P2 81FH ; IF SIMULATION PGM NOT BEING RUN
116 ; THEN PORT 2 0~4 MUST BE INPUTS,
: 8040 FF 1? MV AR? ;RETRIEVE DATR
L 0041 3465 118 CALL WX ;CHECK TO SEE IF OUTPUT DESIRED
T 3 BESS 19 JF@  ESORPE ; IF FLAG SET WAIT FOR NEM DATA :
945 341A 120 GALL  LOCSET ;SET UP ADM TO ACCEPT X-COORD VALUE 3
; 0847 FD 121 MV ARS GET RIFLE 1D FROM PROCEDURE MRSK STORMGE ’
.- 122 s LOCATION E
D48 3414 123 CALL TR8  ;TAB OVER TO LOCATION CORRES TO RIFLE ¢ '
a04n FF 124 MV AR? RETRIEVE 88/28 DATA 3
L. eMB 47 125 WP A ;PUT CODE FOR TYPE OF SHOT :
126 i IN UPPER 4 BITS TO ALLOW ACCESS TO
127 716 MENORY LOCRTIONS PER SHOT TYPE E
P04C 53F8 128 AL R GFEH i MASK OUT LOW ORDER BITS \,
S e 129 MV R3,A ;STORE PELATIVE ADDRESS OF CHAR STRING
904F E3 130 WOVP3 A®A  GET STRING LENGTH
@950 AE 13 WV R6,A ;i STORE COUNTER VALUE
o851 3427 132 CALL  STROUT ;PROCEDURE TO OUTFLT ASCII STR
953 3450 133 CALL  CRLF
: 855 05 134 ESCAPE: SEL  RBI  ;RETURN TO CORRECT REG BANK FOR WAIT LOOP
: ! 2056 427 135 " W
; 136 ;
H 137
% 138 ;
R 139 :
! 149 ;
i - w58 15 144 IROUT: SEL  RB1  ; INTERRUPT REG AN
i @59 M8 142 MV R3A ;SAVE ACCUMAATOR
' @SR FE 143 MV RRE 240
! 9458 6A 144 M AR
a 9B5C (566 145 J2 QUERL ;CHECK FOR GUEVE FuL f
: 9a5 1A 146 IN R i INCREMENT QUEUE S'ATUS REGISTER
Wk 22 147 ¢+ IN ADEB ;INPUT DATR
( 148 iFROM SR INTERRUPT STORE FF
068 fil 149 WV SRLA ;STORE NEN DATA .;
¥ FD 150 MV ARS 19 [
{ 52 69 151 A0  ARL ;CHECK T0 SEE IF SYORE WRS
: 152 i IN LAST AVRTLABLE RAM LOCRTION i
0635 9667 153 N2 CONTL IF NOT THEN CONTINE
. o965 BI1F 154 MOV RL 031D ; BOTTON OF QUEVE
{ 0067 19 1SS CONTL: M P4 ; INCREMENT WRITE PUINTER REG
T e 156 QUEFWL: MV AR  ;RESTORE ACCUMWLATIR
59 93 157 RETR i RETURN FROM INTERFUPT
L, #Eh 65 158 TIINRT: STOP  TONT ; PREVENT FIRTHER TIMER OVERFLON
B (7 159 MY APSH :THIS SEQUENCE OF OPERATIONS ALLOWS
XL 67 168 DEC A , THE RETURN ADDRESS WMICH WRS STORED :
b 5387 161 AL A8 ;0N THE STACK TO BE ALTERED SO TWRT :
O wef €7 162 R R .ON RETURN [T WILL NOT CONTIME IN

D-3 ’ ﬁ,
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18 JAN 79
Loc oY SEQ SOURCE STRTEMENT g
8070 0398 18 b AW ; THE SRME LOOP IT MRS IN MMICH FORCED
0872 A8 164 WV RO.A ,THE INTERRUPT CALL IN THE FIRST ALACE .
2073 19 165 w we ; PROCEDURE CAN BE FIGURED OUT BY F
9374 10 166 I :UPI-41 WANURL PP. 26,9,
8075 2314 167 WV R SLON FRLY
8877 4D 168 CRL  FAIL
79 93 169 RETR
B97R 23F9 170 FINIS: WOv A8 LOW DONE ; TEST CONPLETE MESSAGE
W7 8 " v RLA
87D E3 n W3 R
0O7E FE 73 MV RGA
007 3427 174 CALL  STROUT
Q81 3450 175 AL CRF
0083 483 176 HERE: JWP  MERE ;WAIT FOR RESET(EXTERNAL)
177 ;
178 ;
179 : SUBROUTINES IN FIRST PAGE OF MEWORY |
180 . , A
181 ; f
182 & :
9199 163 ORG 256D \ !
8180 81 184 MSKDAT: 0B 10, 20, 40» 80, 16D ! !
a1t & %
e & :
8163 88 i
3164 10 S
8185 530 185 WSK: AL B 0OEGH ;MASK OUT S LOW ORDER BITS .
3167 47 186 WP A ;RIFLE 1D IN BITS 1,2,3 ;
ol 7 187 R f FIN BITS 8,4,2 , 1
418y RO 188 WN  RS.A  STORE RIFLE CODE ;
Bl 87 189 DEC R ; RIFLE CODECFILE) -4
10 A3 199 MV A6A ;GET LOOKUP WALUE FOR CURPENT RIFLE ]
s A€ 191 MOV R&,A  ;STORE YALUE
100 9R 192 N AP2  GET RIFLE MRSK
a10€ 5 193 ML AR
B10F 85 194 AR F8 j
@119 13 0 N2 CONT2 JWP IF RIFLE NOT MRSKED
Ay ¥ 19 L Fe ;SET FLAG INDICATING MASK
#1153 197 CONT2:  RET ; RETURN FROM SUBROUTINE
Mis 1 19 18 I A ;CREATE CORRECT DIGIT FOR HIGH BYTE
M1 47 199 P R ;PUT IN HIGH RYTE
Bt RS 29 MV  RLA
011, 3458 21 cAL  OUTRUT
; Bl 3 .7} REY ; RETURN FROM UBROUTINE
d11R §318 203 LOCSET" MOV R4, #4BH ; ASCI] ESCRPE (REF FON MFAURL }
204 ;RE CURSOR PO ITIONING)
' @lL 3438 25 AL OUTRUT
wiit 930 2% MOV RL 03DH ;RSCI] EQUALS \
- 100 3438 27 CAL  QUTPUT
L vl BI3¢ 298 nv RY, 0374 ;RON 24 OF ROM TERMINAL
N B124 3430 209 CAL  OUTPYT
Lo ol &2 210 3 ;RETURN FROM “UBROUTINE )
b W 18 ML STROUT- I 3 ;GET T0 LOCATION OF TEXT EGINNING
{ w2 FB 22 MV AR RETRIEVE PAGE 3 ADDRESS ¢
a3 ;ASC11 STRING ) !
D-4 - i




® ,,
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‘ 18 JAN 79
LoC 08J SEQ SOURCE STATEMENT
‘ @129 3 214 MV3 AR GET ASCIT CHARACTER {
« 128 A9 a3 mv  RLA k
8128 3430 26 cRLL  OUTRUT 1
‘ 12D EE2 a7 OIZ RS, STRWUT ;HAVE ALL CHAR BEEN OUTPUT 1y
x 8LF 63 28 RET SRETUMN FRON SUBROUTINE z
0138 15 A9 WIPUT: OIS | ¢
.- 8131 6987 29 MOV R9,007H ; SERIL BIT CONTER ;
4, anp 2 MV ARL GET RSCII CHARACTER TO BE QUTPUT 4
7 e134 9%8 @ AL PL806H ;PUT UT START BIT
6136 6AB4 74 MOV R2,004H ; SET P DELAV LOOP LENGTH
i ;7 6138 344D 2 CALL  DELAY , &
<, #13R 39 25100P1: OUTL  PLA  ;OUTPUT CURRENT BIT OF SERIAL CIOE F
1 8138 77 26 R A ;GET "EXT BIT OF RSCII COOE :
- 913C 69 w7 NOP JMRIT 1 INSTRUCTION CYCLE TO COMPENSATE
‘ 28 ;FOR 7R BEING A SINGLE CYCLE OPERRTION 3
ST a3 eAw 29 WOV R2882H ; SET P DELAY LOOP LENGTH
913F 344D 29 CRLL  DELAY §
9141 E83A 21 DJNZ  R8.LO0PL ;TEST FOR 7 BITS QUTPUT 3
~ @143 8901 2 ORL P, 08LH ;PUT WUT STOP BIT
9145 BRES 233 MOV R2 0634 ;SET P DELAY LOOP LENGTH g
@147 344D 24 CALL  DELAY
.. 2149 B6AC 25 JF8  NOINEN ;IF IN SETUP SEGMENT DONT ENRBLE INTERRUPTS ;
2148 65 23 NI i
#14C 83 237 NOINEN: RET s RETURN FROM SUBROUTINE
14D ERD 238 DELAY: DINZ  R2, DELAY JWARTABLE DELAY DEPENDING ON R2
L BL4F 82 239 RET s RETURN FROM SUBROUTINE
¢ 9158 899 28 DELAYL: WV RL 81560 sNESTED DELRY LOOP, APPROX 1/4 SEC
i : 9152 BRAFF 241 DLOOP: MOV R2. 96FFH ;
i @154 344D 242 CALL  DELAW
: 815 €952 243 DINZ  R1,DLOOP
4158 63 244 RET
8159 FE 245 PUBIT: NV ARS s CURRENT RIFLE MUMBER
#15A 67 246 DEC A i CRERTE POINTER FOR LOOKUP TRBLE
915 3 w7 L N JGET BYTE WITH CORRECT PULSE BIT SET I
& 950 83 248 RET ;
w150 B9eR 49 CRLF. MOV RL 0O ; LINE FEED t
OLSF 3438 250 CAL  QUTPUT §
#161 B9eD 1 MOV R1, $80H  CRRRIRGE QETURN ‘
#163 3430 %2 CALL  OUTPUY
& v165 83 53 RET
; 55 27 Z4 GEK: OR R i TIMER STARTING COUNT FOR TIMEOUT
: po i THE PROCESSOR WILL BE INTERRUPTED :
26 i IF THE 8628 DOESN‘T RESPOND WITHIN :
| J 7 iR SPECIFIED TINE. 4
2 57 62 2% v T.A /LORD TINER :
© #6855 259 ST T i START TINER
9169 5669 260 L0K: JTL L0 ;UPL WILL LOOK FOR RESET UNTIL
1 261 i TINEOUT HAS OCCURED.
. 6168 65 262 STOP  TONT  INTERRUPT MUST NOT OCCUR
: u16C BIGR 263 WV RL 6D :GIVE 80/20 SFFICIENT TINE T0
; . 16E BRFF 264 LOGPZ: WOV R2, $6FFH ;SN OUT VOTRAX INITILIZATION MOPOS
| (d,' #1789 344D %5 CALL  DELAY '
: 0172 E9E 266 O R1,LOOP2
\ 2174 D689 27 INIBF  NOINTR . RESPONSE RO 86/20?
O oe 22 268 N A0E8 ;BRING IN £8/20 DATR

D-5 i




SB15-11 NCS—48API-41 WACRD ASSENBLER, V2 0 PRE 6

16 JAN 79
Loc 08J

6177 0C

6178 C694
o17R 231A
617C S4RD
017t 2484
0168 2324
0182 S4R0
9184 B9OA

8185 EAFF
0188 3440
818A £386
8180 82
0160 FE
818t £7
S15F 4381
6191 39
8192 FE
0193 47
134 €7
w195 40
815 AC
8197 3459

0199 4340
@198 3R
o190 A48
¢19¢ 3466
a1f9 &3

FEEEB PSRRI IR

s %e Wr e W e % e ws e W e e we we W

SEQ SOURCE STATEMENT
29 w A R4 i IF IDENVICAL RESWLT IS ZERO g
e 74 NEXTY ; THEN G0 ON WITH TEST
m wv A& LOW FAL2
an CRL FAIL
20 4 NEXT4
274 NOINTR: MOV A8 LON FAL3
an CRLL  FRIL i INDICATE FRILURE
76 NEXTL: WOV RL HOD iGIVE 88/20 TINE TO SEND REMAINING
bz¢4 ;PORTION OF MESSAGE
278 LOOPY: WOV R2, $OFFN
20 ORLL  DELAY
280 OMZ Ry, LOORY
8 REY
282 RIFLOP: MOV . R6 ;RETRIEVE RIFLE NUVBER f
283 R fA ;CODE IN BITS 1.2,43
ORL fi, 981K ;NO START BIT ON SERIAL OUT LINE
m  PLA i+ SET UP Ml !
v A, RE ; GET CURRENT RIFLE ’
P A ;PUT IN HIGN BYTE
R fi ;UPPER 3 BITS !
ORL A RS i CREATE CORRECT RETURN (0OE .
v R¢.A i TENP STORE
CALL  PULBIT ;GET BYTE NITH CORRECT BIT SET
5FOR RIFLE TRIGGER
ORL A, MOH ;KEEP TARGET PRESENT DOWN
am P2.A ;RISING EDGE OF TRIGGER PULSE
L8 P2, MeH ;FALLING EDGE OF PLSE
CRLL  CHEKX
RET

ERES

VoW W
TR

- wm e

DRIVER FOR RIFLE SIMAATION AND ITS MESSAGES LOCATED
IN FOURTH PAGE OF MEMORY

3

THIS SEGMENT OF THE UPI-PROGRAM PROVIDES SIMARTED

RIFLE DATA INPUT TO THE 88/26 COMFUTER [T CHECKS

FOR THE PROPER RETURN BYTE TO THE UPI-41 FOR THE !
SIMULATED SHOT AND INDICATES FRILURES BY A MESSAGE
T0 THE CONSOLE. INITIALLY IT SIGNS ON AND PRONPTS
THE USER FOR THE HARDWARE MODIFICATIONS NECESSARY
IF A FATLURE OCCURS THE TEST WILL CONTINUE AND OUT-
PUTS 1 FRILURE MESSAGE FOR EACH FATLURE OCCURENCE
MHEN THE TEST IS COMPLETE IT PROMFTS THE USER TO |
ASK THE €9/28 FOR 17S OUTPUT.

N

PROGRAN 1S NON-~INTERRUPT DRIVEN AND INSTERD USES !
INTERSUPT FLAG TO DETERMINE WEN VALID DATR 15 PRESENT
THE 86720 DATA LINES. UPON ENTERING THE ROUTINE
0 1S SET SO THAT INTERRUPTS WILL NOT BE REENABLED ,
THE QUTPUT ROUTINE 1S CALLED  IF TME 98/20 DOES
SPOND AT ALL 7O AN INPUT BY THE UPI1-41(INDIOAYED '
INTERRUPT FLAG MEVER BEING SET) THE 41 TIMES

JUDGES THIS RS A FAILURE AND CONTINUES THE TEST )

£223%

g8
2AR

D-6

St AT

'

I3
% ¢
£
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18 JAN 79
LoC 08J SEQ SOURCE STATEMENT

0298 68
0261 @2
6202 04
azes a3
8294 06
8205 06
82tc 85
0287 84
6288 @8
8209 @9
0208 &

a28C 97
e %8

828€ 86
00F 61

6210 85

a1l 95

0212 23(0
6214 38

s 13

S % me mL ML e we We W wm. W me W we w we

BENEHUSRIYEREUENNEEY

344 ;
345 ;
346 ;
347
348 ;

REGISTER BANK 1 1S USED FOR THE ROUTINE AND IS REDIFINED
AS FOLLOMS:

REGISTER @ UNUSED

REGISTER 4 OUTER LOOP OF DELAY COUNTER

REGISTER 2 [INNER LOOP OF DELAY COUNTER

REGISTER 3 DELAY COUNTER

REGISTER 4 EXPECTED RETURN DATA FROM 86/20

REGISTER 5 TEMP STORAGE

REGISTER 6 S RIFLE LOOP COUNTER fND CURRENT RIFLE

REGISTER 7 46 SHOT POSSIBILITIES LOOP COUNTER
AND CURRENT SNOT TVPE

THE BOTTOM 5 LINES OF PORT THO FUNCTION AS THE RIFLE
TRIGGERS INSTERD OF RS THE MASK INPUTS.

LINE SIX OF PORT THO IS THE TRARGET PRESENT SIGMAL
PORT 1 LIMNES 4-7 SERVE RS THE SHOT TYPE INPUT LINES FOR
THE 88/20.

o6 512 ; PAGE 2

349 SHTCOD: DB 624,36654

k<) 1
35

393 RIFSIN: QR Fo

FEREEZYYREY

!
!
i

ve 296827861

;WHILE F@ IS ALREADY SET AT THIS POINT
i THIS ADDS A LITILE CLARITY, THE POINT
i 1S THAT INTERRUPTS CAMNOT BE REENABLED

(0. § fé ;WMEN THE SERIAL OUTPUT ROUTINE 1S ENTERED
nov A, W00 i
L. P2.A i DISALLON FURTHER INTERRUPT REQESTS

iR INTERRUPT FLAG SETS BY DESELECTING

i THE CHIP. TARGET FLAG DONN AMD TRIGGERS DOMN,

ifND TAR PRES CONTROL SET FOR UP1-43 CONTROL
oIS 1 i WHMEN CHIP RESELECTED INTERRUPTS WILL

+BE CHECKED THROUGH THE INT. FLAG

b A R
ey s Wbt o
L
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f L0C 08 SOURCE STATENENT .
8216 5 63 5] TONTI ; TINER INTERRUPT IS USED RS A TINEOUT |
366 ;FOR SEARCH ROUTINES )
] 8217 89R 67 MV RLMA ;CLEAR THE CRT SCREEN & HOME CLWSOR
6219 3439 368 AL  QUIPUT
6218 3450 369 AL oELAVL ;ALLOW CRT TINE TO CLEAR
6210 3450 379 CAL CORF ; SPACE DOMN THREE LINES
621F 4% n AL CRF ;
221 UD 37 AL CRF i
6223 2300 3 WOV R LON SIGNON ;ADDRESS OF SIGN ON MESSAGE
8225 /8 374 v A ;STORE STRING ADORESS
2% B 375 W3 R6A ;GET STRING LENGTH
6227 FE 376 MV RGA ;STORE STRING LENGTH
8223 3427 3w CALL  STROUT SEND STRENGTH
82M 34D 378 AL CRF ; CRRRIAGE RETURN LINE FEED
8220 3450 379 AL CRF ;
822€ 2360 350 MOV A8 LON FROWPT ; PROMPT MESSAGE ~ .
8239 A8 384 MV R3A ; STORE STRING RDORESS
6231 £3 3% W3 A ; i
9232 At 383 W “oﬂ H - /4
9233 427 384 CALL  STROUT ;
8235 3450 385 AL CRF ; e
8237 3458 3% AL DELAVI WAIT FOR 88/28 TO TYPE OUT LET‘S STRRT. " }
€239 3450 387 CALL  DELAVL
6238 3458 388 CALL  DELAVY -
8220 05 39 TEST: S KB )
623€ 909 399 AL P2 000 i REENABLE CHIP SELECT WD PUT TARGET ~/
N iFLRG UP.
3248 BEOS 392 RLOOPS: MV R, 08 i INITIALIZE RIFLE NUNDER AND LOOP "
93 ;COUNTER FOR S TIMES THROUGH <~/
8242 BF10 394 RLOOPL: MOV R7, 846 i INITIRLIZE SHOT TYPE AMD LOOP
395 ; COUNTER FOR 16 TINES THROUGH .
8244 54D 396 RLOOP2: CALL  SWLOOP iRIFLE SIMULATION SUBROUT INE }
0246 EF44 397 OMZ  R7,RLOOP2 ;AL DATR POSSIBILITIES DONE? -
8248 EE4Z 398 DAZ R, RLOOPY i DONE? ‘
B4R BAM0 399 ORL P2 MM ; TRRGET PRESENT DOWN 1
824C 985 429 oV R3LED JWAIT 4 SEC REQUIRED BEFORE NEM TAR S
B24E 3450 401 LOOPX: CALL  DELAYVL ; CAN APPERR ,
@250 EBAE 402 OZ  R3,L00PX )
8242 P08 493 TOLATE: AL P2, 000M ; TARGEY PRESENT WP <~
OA GFF 4“4 WV R 90FPH WAE SURE 88/29 SEES FLAG
6256 344D &5 OALL  DELAY "
3256 50 4% ORL P2 040M s TARGET PRESENT DOWN ) ;
925K ORFF 407 MV R2, 80FFH i GIVE 88/20 CHANCE TO RESPOND ,
a25C 244D 4“8 CAL  DELAY
325 BEES 469 YRG5 iRIFLE COUNTER )
8260 BOOR 40 NV RS 00RH i CODE FOR WISS-T00 LATE ~
8252 1480 411 LOOPC. CALL  RIFLOP i SUBROUTINE NNICH FIRES SHOT FOP CURRENT
"2 SRIFLE, CHEOKS FOR RESET T0 EXTERNAL FF, )
“« i AND ONECKS FOF CORRECT MESSAGE SENT B0K - )
) 414 iw m W
; 2204 EE62 4“5 OINZ  R6,LOOPC ; DONE? ;
| 206 6665 416 R JWRIT 1 SEC REO FOR NEN TAR APPEARSINCE ) ;
‘ 0268 3450 417 L00PL- CALL  DELAVY - 3
a2 EB6B 448 DNZ B3, LO00PL ‘

Al BEYD 419 THRIGN. MOV RS, 450 iRITLE COUNTER ) ,
D-8 /




S1S-11 NCS-48API-41 WACRD ASSENBLER, V2 @
BN

LoC 08J SEQ SOURCE STATEXENT
S6E U9 420 LOOPD. OALL  DELAVL
8278 988 o ML P2 00m
Q272 DAFF @2 MV R 0FFH
8274 3440 <3 (v TR T,
9276 3459 v AL PUBIT
@278 4360 & ORL A $111090086
@2 37 4 L R
€278 1A @7 wmn PR
827C 9988 28 ML PLOIN
827 90 429 AL P2, 000
6200 WS 438 CALL  DELAVL
0282 459 1 ORL DELAVL
6204 22 a2 N A D68
a3
9285 9RO 4 R P2 MM
6267 8986 435 v RLMD
6289 3450 436 L0OPK: CALL  DELAVY
8268 €839 a7 DAZ  R3,LOOPK
8280 D690 438 MNIBF  NOINT
} 620F FE 439 MV ARE
H 6296 €7 “0 R A
8291 47 “ P R
8292 436C “2 ORL A 0H
6294 AC “3 MV R&A
9% 2 “w N (Y,
6296 0C “5 R AN
6297 C6Rt “6 h74 CONTA
{ 6299 2318 “ MV A8 LONFAL2
] 8298 445F “8 »®  CONTB
8290 2324 449 NOINT: MOV A § LON FAL3
G29F 54R0 459 CONTB: CALL  FAIL
@Rt EEGE 431 CONTA: DJN2  R6,LOOPD
823 BEES 452 NINOTR: MV R, 15
( 3RS 6D6R 453 MV RS, 900H
G2R7 3480 454 LOOPJ: CRLL  RIFLOP
82R9 EEA7 45 D2 R6,LOOPS
Q8 MR 456 o FINIS
‘. 45?7 ;
458 ;
49 ;
i 460 ;
s 41 ;
462 ;
( , 463 ;
—~ 4“4 ;
8280 5 WS FAIL: SEL  REe
02FE AF %6 v R.A
( afF 05 “? SEL  mBt
~ a8 FE “%s8 M ARE
- a8l (S %9 SEL RPe
U 8 E7 ) R A
8283 43F0 o ORL R OGFON
8285 D a2 mv PSR
o8 A3 o Mo AW
° 8287 A9 474 MY  RLA

+ TRRGET PRESENT WP
i GIVE 80/20 TIME TO RESPOND

;TOP 3 BITS WUST BE ZERO AFTER CPL
;ALL BUT ONE RIFLE MILL SHOOTY

;RISING EDGE OF TRIGGERS

;NAVE DATA SET FOR HITS, ND START BIT
iFALLING EDGE

;GIVE 80/20 TIME TO SEND ALL MESSRGES
;CLEAR TBF FLAG WHICH THE 868/28 SENT ¢
sPULSES T0.

;TRRGET PRESENT DOMN

;DELAY OVER 1 SECOND SO THAT UPI MILL BE
;CERTRIN YO HAVE RECEIVED INTER PULSE

;IF NO INT PULSE INDICRTE A FRILURE
;GET CURRENT RIFLE

;DATR IN BITS 3, 2.1

;C 1S ADDRESS OF *TARGEYT I1GNORED. *

+ STORE

; IMPUT DATA

3 IF RESULY IS ZERO THEN BYTES IDENTICAL

;PREPARE 10 CALL DATA FRAILURE ROUT.

;3 RIFLES
;CODE FOR NO TRARGET

i SEND RIFLE IDENTIFIER TO CRY
i STORE. FRILURE TYPE

+ GET CURRENY RIFLE

;ML BY TWO TO ACCESS TMO LOCATIONS AT R TINE
 AOCESS PN

; TOW STOPE

+GET PIFLE 1DENTIFIEP




3!
4S1S-11 NCS~48/AUPI~44 WACRD RSSOBLER, V2 @ PRGE 10 ;
13 JAN 79 3 ‘
4 LoC 08) SEQ SOURCE STATENENT
j 6283 3438 s CAL  OUTPUT 2] 2
826A FD 4% MV ARS ; RETRIEVE POINTER P
8268 17 an m A ;AOCESS NEXT LOCRTION
828C A3 Iy ) P AW ;GET REST OF [DENTIFIER ..
6280 9 ) MV RLA 3
28E 3439 @ CAL  OUTPUT
8208 8929 461 NV RL 002 ;ASC11 SPRCE o
8202 3430 " CAL  OUTPyT 0
8204 FF 483 W RR? ;RETRIEVE FRILURE TYPE ;
0205 A8 454 v RA ;NN SEND OUT FRILURE TVPE TO (RT
05 €3 S oW A ;
&7 fE 9% "V R6A ) '
823 3427 o7 CAL  STROUT ;
820R 345D 488 CRL C(RF ;
8L 93 489 RETR i J
w200 FF 490 SMOP: MV AR? JGET SHOT TYPE .~
BNE & o EC A
OXF 37 ) L A
B0 SI0F 493 AL A FH »SHT DATA LINES HAVE INVERTING ORIVERS - )
oA 47 49 WP A ; SHUT TYPE DATR LINES ARE PL ¢-7
s W 4% MV RSA ; TENP STORE .
8204 FE 4% v RRS ;GET CURRENT RIFLE < jf
6A'5 €7 7 R A ;PUT CODE IN BITS 1,2.83
826 4D 4% o’ ARS ;OR SHOT TYPE & RIFLE # TOGETHE< .
a7 4381 99 ORL A 00IH ;D0N‘T SEND OUY A START BIT '
5209 39 500 O PLA ;SET UP SHOT DATA LINES AND ~ s
01 ; INPUTS TO THE MALTIPLEXER
w10 FF 52 W AW ;RETRIEVE SHOT TYPE - -
A28 87 se3 DC A <4
3% A3 504 WP AW ;GET CORRECT RETURN CODE FOR CCMPARISON
8200 RO 55 v ®SA i STRE .
oA£ FE 506 MV AR ;GET CURRENT RIVLE }
WAF 47 507 WP A ;PUT CODE IN UPHER 4 BITS :
88 E7 508 A A ; UPPER 3 BITS
8X1 @ 509 oL ARS ; CRERTE EXPECTEL: RETURN CODE
6262 iC 510 MV R4LA ; STORE ~/
83 3459 54 CRL  PULBIT ;0ET FROM PAGE 1 A BYTE MHICH WILL
512 ;WAVE THE CORRECT RIT SET FOR A g )
513 ; TRIGRER PULL BY THIS RIFLE ~
A5 3A 514 WL  P2A ;RISING EDGE OF PULSE :
66 27 515 QR A Syl
0%7 516 WL P2.A ;FALLING EDGE OF PULSE. NOTE: TMIS v)
. 517 ;A OR MRV NOT BE THE CASE IN RERALITY ;
; 518 JFOR IF THE MRSk SWITON FOR THE CURRENT ;
: 519 JRIFLE 15 0N THEN THE ACTURL PULSE )
; 520 SNILL ONLY BE THE MUCH SMORTER PULSE(S50 ~
; s2 iNSEC) THAT THE UP] PROVIDES RS A FAST |
522 ; TURN ON FOR TH: PORT BEFORE THE SOK 3
y 523 ;PULLUP TRKES ESFECT. MERE THE 58K ;,,)
524 iPULLUP WILL N\T PROVIOE A WIGH QUTPUY 2
528 ;OUE TO THE K PULLDONN AN THE OUTL 3
526  INSRUCTION MOLD NOT B NEEDEL: 2 )
527 ;THE LOBIC “MIiw WILL ACTURLLY BE —
3 528 i ABOUT 25V WMICH 1S ACOEPTRBE TO THE 41
8 & 3466 529 CALL  CHECK C

D-10
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. Tt LA Gl Geuaat i T
Mmﬂ"’”w“"wmﬂww*“&tr e e e 5 ‘ )

3

751511 WCS~4BAPI-41 MACRD ASSEMBLER, V2 ¢ PRCE 14
x/ 18 JAN 79
LOC 0BJ SEQ SOURCE STATEMENT
3; 02A 63 538 3
s
P 1]
g a2 3 o6 FM
” m
o wz ml m u Inl' lml’ IR}- ) I“l' lnl
4 62F4 5232
L 8F6 5233
82F8 54
82FR 5235
{ -
’ 37
538
H 539 ;
~ 540 ;
o4
M2 ; ,
543 ; STRING DATA LOCRTED IN THIFD PAGE OF MEMORY
M ;
545
9308 54 ORG 7690
0300 4 %7 DB 4N ‘MISS ’
9361 4D495353
9365 20202628
9369 202602628
9360 260020
@310 o3 540 DB MMV
9311 484954
W14 &5 549 FRLL: 0B O 'F RES’
315 46205245
319 52
934R €5 S5O FAL2: 0B OS5 ‘F OAT”
9318 46204444
34F 54
0320 @3 554 08 M, /LOW
8321 4CHFS7
0324 & SS2FAL3: DB O FINT .
U325 4620ANE
#329 54262020
8320 202020
{ 8330 8 553 DB HAMRIGT ¢
e 6331 4CAFS720
F . 6335 52494748
3 L-, 6339 54202609
623 200820 ,
£ Wel &5 554 DB M, 'RIGHT ,
: - 6341 52494748 |
' (__-“ 6345 54202020 -
249 20002020 N
0340 202020 y
0 035 e 55 0B 100, ‘NIGN RIGNT
D351 49494748
8355 20524947
o 8359 49542020
0350 202020

TN SRR T N RN




e e et Ve PO P e -

L 0B

0360 4
0361 40434748
9365 20202029
8369 20202020
036D 202020
378 @
0371 48494748
0375 20404546
8379 54202020
37 262028
0300 04
0381 4C4546H
9385 26202020
6309 26262020
6380 260020
3% o8
0391 4CHF5720
295 40454654
9399 20202029
9390 202020
93R0 @
G3R1 4495333
B3R5 DSFF
O3R9 204CHH4
IR0 452020
@368 89
0381 4E4F2054
985 44524745
9389 54202020
6380 202826
8300 6
83C1 54415247
0305 45542049
U39 474EHS2
03CD 454420
#3080 oF
8201 S249464C
8305 45265349
6309 40554041
U300 SMF32
03E0 OF
9361 53945241
B3E5 S020494E
63E9 20504C41
@3ED 43453F
a3F0 oF
O3F) 20205045
03FS5 53542043
03F9 4F40504(
O3FD 455445

USER SWBOLS

(HECK 9166  CONT

0833  CONTL @867
DELAY @140  DELAVL 6150  OLOOP 6152 OOME  @3F0

1S1S-11 NCS~48AP1-41 MR ASSDBLER, V2 @ PAEE 12
18 JW 79

%0 SOURCE STRTEMENT

6 08 " ‘HIGN ‘
357 b8 9, ‘HIGH LEFT ‘
358 08 M LEFT ‘
559 L 8H, ‘LOM LEFT ’
Se0 08 130, ‘MISS-T00 LATE *
561 ) 9. ‘ND TRRGET ’
562 08 14D, ‘ TARGET IGNORED
563 SIGNON: DB 150, ‘RIFLE SIMALATOR’
564 PROWPT: 08 150, “STRAP IN PLACE?”
565 OONE: 0B 190,/ TEST COMPLETE’
366 e

CONTA 82R1  CONTB 629F  CONTM @03 CRLF &3
ESCAFE 0455  EXTINT 6083  FAIL 02R0 FAL1 O31¢

D-12

CONT2 0113

— v

by o, - YRl ATy | -
R R R R R g e RO I




ISIS-11 NCS~48API-44 MACRD AESEELER, V2. 0 PRGE 13

I; 18 N 79

2 OMA PR3 @2¢  FINS R  HERE 0063  INIT G0R  INROUT 0858  LOCSET O11A  LOK 0169 ._
. (0Pt O30  LOOPC 6262 LOCPD 626 LOOPJ 67  LOOPK @289  LODPL 6268  LOOPX 624  LOOPY 6106 i
i LO0P2 OLGE  MRGK OU05 NINOTR G2R3  MSKDAT 0108  NEXTL 0104  NOINEN 614C .NOINT 0230  NOINTR 6160
WIFUT 6430  PROWT GES  MLBIT 0159  OUEFL 068  RIFLOP 8160  RIFSIN 6219  PLOGPE 642  RLOGP2 824 §
) RLOGPS 6240  SHTCOD 6200  SIGNON 300  SHLODP €200  START OGA  STROUT @127  TRB 6114  TARIGH 826C ,
{ TEST 630 TIINT 90h  TININT 0867  TOLATE 6252  WAIT €627
i M

P
\

s A W

B

D-13
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s

An fna
v v

.

e
T
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| —

eth—

P

oOC T

L]
124o~0a LUWITIER Ve &

-LOCATE :F1:TST. TMF

SYMBOL TABLE OF MODULE TST
RERD FROM FILE :F1:TST. TMP
WRITTEN TO

VALUE

-4BFH
COd1H
Ceoin
Cod1H
CooaH
Coo7H
CooRH
CoeDH
coi10n
CO13H

C1BFH
CaooH
3990+
Ca18H
Co18H
3901H
cozoH
35024
3903H
Ca80H
CaldH
cal6H
3504H
3906H
3908H
350AH
CoODH
C138H
Col18H
Co18H
Co18H
CA1CH
CO1FH
CoZoH
Co24H
Co33H
Cod1H
Co4SH
COdRH
CaS1H
COSFH
Coc4MH
CocBH
Ca?2H
CosoH
Co8SH
CO8CH
CISDH
CO8DH
COSoH
Cooan
CASH
CO9EH
COA3M
COA7H

’

TYPE

LIN
LIN

LIN
LIN

FILE :F1:TST
SYMBOL
TESTMODULE

TESTPROCMODULE
MEMORY
TSTCHECK

N

OONE

LEDON

K

FRIL

J
I0DATA
I0TEST
LOWLIMIT
HIGHLIMIT
INITIALTIME
FINALTIME
ELAPSEDTIME
1
TIMERTEST
USARTTEST

1

a2

43

4

45

47

49

50

51

52

53

sS4

ss

86

s?

=8

59

60

61

€S

67

68

69

70

71

72

73

ORIV YWV Sk

TO F1:TST SYMBOLS LINES MAP PRINTC :F1 TST FPPT*

T e P B gy = 1

Edo o o s




CURLn = ald

C1ZBH LIN 19%

CeBiH LIN

COB6H LIN

COBRAH LIN

COBFH LIN 78

COCaH LIN 79 L
COCSH LIN 80 o, !
CECOH LIN 81 _
COD2H LIN 82 :
‘ CaD?PH LIN 83 ﬂ
CODCH LIN 85 ’ ;
CelbDH LIN 90 y
' CODDH LIN 91 5
| COEeH LIN 92 . :
: CHESH LIN 93 §
: COEBH LIN o4 ’
; COF9H LIN 95 ; v
; COFEH LIN 96 R v
a C19SH LIN 97 : :
; C1GBH LIN 98 ~y 5
: C117H LIN 99 - ‘
g C131H LIN 128 ¥
i C1zeH LIN 101 -y i
; 132 LIN 182 - :
CLITH LIN 103 ¥
C13EH LIN 106 - é
C1¥SH LIN 187 ;L} ;
é
]

CARSH SYM CONTE

14@H LIN 199
C143H LIN 119 -
C14EH LIN 111 -
L14CH LIN 112
L15id LIN 112 -y
CLSEH LIN 114 : ) |
CiceH LIN 115 i
MOL  RAMTST - i
LiesH Sy LOOP E !
154H SYM LOOPR -’ i
VCATEH SYM RAMFAL !
CLElH SYM RAMTST 3 {
HOD  ROMTST -~ ;
3 L1G4H SYM  LOOFA - :
CLSEH SYM  ROMTST -
MOD  SBCTIM
L1BEH SYM LOOPA .

LABSH v LOOFE
LLEZH SYM SBCTIM

MEMORY MAFP OF MODULE T-T

4
S \P/ e’

VEHD FROM FILE :Fi:TST THMP .
WITTEM TO FILE :F1: TSI
MUDULE. STRRT RADDRESS @026H -
; ~THRT  STOP LENGTH REL. NAME -
* .
| LM COSCH 8DH A ABSOLUTE )
: cwaH  CABEH  132H A ABSOLUTE —

E-2




" PG CORPILER . S '
3 ISIS-11 PL/N-60 V3. 1 COMPILATION OF MOOLLE TESTMODWLE ‘
OBJECT WIDULE PLACED IN :F1:TESTER (B [
3» CONPILER INVOKED BY: PLWO® :F1:TESTER PLN DEBUG IXREF DATE (12 0T 78) |
' i
!
i /¢ THIS TEST PROGRAM WS WRITTEN BY TOW RIORDAN  ITS FUNCTION r
s 1S 10 ACT AS THE DRIVER FR THE TEST PROCEDLVES RS CALLED +/ :
i 1 TESTMMODWLE: 00: '
. 2 1 RANST: PROCEDRE EXTERNAL
, X2 O RANST "
{ 4 1 RONST: PROCENRE EXTERMAL;
- S 2 END ROWTST;
_ 6 1 I0STEST: PROCEDRE EXTERNAL: 4
g 7 2 B0 I0STEST: :
. 8 1 TINERSTEST: PROCEDURE EXTERNAL;
9 2 DO TINERSTEST; y
i 16 1 USARTSTEST: PROCEDURE EXTERWAL; q
11 2 END USARTSTEST; %
3 12 1 DONE: PROCEDURE EXTERNAL: ;
i{ 13 2 60 DO 5
iy 14 1 TEST PROCEDURE PUBLIC; 5
15 2 CALL RANTST; ¢
6 2 CALL ROWTST; :
7 2 CALL 10STEST; . g
18 2 CALL TIMERSTEST;
19 2 CALL USARTSTEST; i
i 2 2 CALL DONE: :
2 2 BN TEST; F
‘ 2 1 DO TESTMDUE E
f |
MIDULE TNFORMATION: i
g
{ C0E AREA SIZE = GB13H 190
WRIRBLE ARER SIZE - 0000N @ :
WXINM STACK SIZE = 000N 2
{ 29 LINES RERD
C @ PROGRAN ERROR(S)

. END OF PL/M-80 COMPILATION

(.
B

E-3
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e e b 2

151S-11 PL/M-80 V3.1 COMPILATION OF MODWLE TES'PROCMODRE

OBJECT MODWLE PLACED IN :Fi TSTPRC. 0BJ
COMPILER INVOKED BY: PLMBO :F1:TSTPRC. PLN IXKEF DEBUG DATE (5 JW. 79)

39

W
42
4
44

9O

Fnan Yl tLleE S E
[LABE VRIS S VYR S S N PR W N

rdt

[ RO

[ L

(2R OO e

W) A

™)

TESTSPROCSMODULE : DO:

OECLARE TSTCHECK BYTE PUBLIC AT (8CBB8H) DATA(1);
SNOLIST

DECLARE N BYTE:
DECLARE WORD LITERALLY ‘ADDRESS’:

DECLARE DONTCARE LIVERALLY ‘08W‘, FOREVER LITERALLY ‘MMILE 1/,
DIAGNOSTICSLED LITERALLY ‘QD6H’;
DONE : PROCEDURE PUBLIC:
LEDSON:
DO FOREVER;: t
OUTPUT (DIAGNOST ICSLED Y=DONTSORRE;
END LEDSON;
END DONE;

DECLARE K BYTE;
FAIL: PROCEDURE(J) PUBLIC:
DECLARE J BYTE;
00 k=t T0 Ji
00 N=t 10 106;
OUTPUT(DIRGNOSTICSLED)=DONTCARE;
CALL SBCTINK1R);
END;
00 N=1 TO 48;
CALL SBCTIM(125);
END;
£N;
DO N=1 TO 88;
CALL SBCTINCZS9); /% WAIT 2 SECONDS THEN GO ON NITH TEST o/
END;
0 FAIL;

DECLARE I10SFAIL LITERALLY ‘3%  /# 3 FLASHES FIR AN 170 FRILURE «/
DECLARE PORTL LITERALLY ‘OE4H’, PORT2 LITERALLY ‘GEH’,
PORT3 LITERALLY ‘GE6H’, PORTG LITERALLY ‘OERM’:
DECLARE 10DATA BYTE;
10$TEST: PROCEDURE PUBLIC;
00:
CALL PORTSSET, /¢ SET UP 10 PORTS 142 RS INPUTS 346 RS OUTPUTS o/

OUTPUT(PORT3)s@8M; /+ PORT 3 WILL INVERT OUTPUT THEN PORT 1 NILL REINVERT IT o/

TCORTARINPUT(PORT1);
IF 100ATAROSEH THEN
CALL FRILCIOSFAIL);

OUTPUT(PORT3 ) »@FFH;
T00ATA= INPUT(PORTL);
IF T0DRTROGFFH THEN

N

~ oy’

ey

paree——— e




Fe ] CALL FAILCIOSFRIL);

% 3 QUTPUT(PORTE)=00H; /# PORT 6 INVERTS QUTPUT BT PORT 2 WILL NOT REINVERT s/

77 3 T0DATA=INPUT (PORT2);

7% 32 IF 100ATROGFFH THEN

™ 3 CALL FAILCIOSFALL);

89 3 OUTPUT(PORT6)=@FFM;

8 3 10DATR=INPUT (PORT2);

82 3 IF I0DATROOEH THEN

33 3 CALL FRILCI08FRIL ),

4 3 END;

85 2 END JOSTEST:

% 1 DECLARE LONSLINIT WORD DATA(109), HIGHSLINIT WORD DATA(399);

7 1 OECLARE TIMERSFAILSLOM LITERALLY ‘4‘, TIMERSFAILOHIGH LITERALLY ‘</;

88 1 DECLARE CINITIALTIME, FINALTIME, ELAPSEDTINE) MORD;

~ 89 1 OECLARE 1 BVTE

% 1 TIMERSTEST: PROCEDURE PUBLIC.

n 2 CALL TIMERSSTART; /¢ START TIMERS @ 9D 4 o/

R 2 CALL SBCTIM(258); /¢ GIVE TIMER TIME TO BEGIN FUNCTIONING »/

95 2 INITIALSTINE = CLOCKRERD: f‘

“ 2 DO I=1 TO 48; /s WAIT FOR ONE SECOND o/ !

% 3 CALL SBCTIN(250); i

% 3 END;

97 2 FINALT1ME=CLOCKRERD;

%8 2 ELAPSEDTIME = INITIALTIME - FINALTIME; /¢ COUNTERS ARE DOMN COUNTERS s/

9 2 IF ELAPSEDTIME < LOMSLIMIT THEN \
100 2 CALL FRIL(TIMERSFAILSLON); !
10t 2 IF ELAPSEDTINE > HIGHSLIMIT THEN t
e 2 CALL FRILCTIMERSFAILSHIGH);

192 2 00 TIMERSTEST:

194 1 DECLARE USARTSFAIL LITERALLY ‘67
{ 165 1§ DECLARE USARTSSTATUS LITERALLY ‘OEDN’, USARTSOATA LITERALLY ‘QECH’;
185 4 USARTSTEST: PROCEDURE PUBLIC.
197 2 CALL YOTRAXSTIMER;
e 2 CALL SBCTIN(109); /¢ MAKE CERTRIN TIMER HRS STRRTED »/
1 2 CHLL VOTRRXSSET; /« SET BAD RRTE AD BIT PRTTERN ¢/
118 2 CRLL SBCTIN(109): /= MrE CERTAIN USART HRS COMPLETED INTERNAL SETUP o/
2

. QUTPUTCUSARTSORTR)=101810108; /¢ SEND QUT TEST PRTTERN ¢/
! o2 CALL SBCTIM(20); /e WAIT APPROX & 04 MSEC=DUSART SHOULD BE DONE o/

/¢ N.B THIS NUST BE LONG ENOUGH EVEN WITHOUT MAIT STATES ¢/
IF NOT SHRCINPUTCUSARTSSTRTUS), 2) THEM

r
[}

—
-
D)

-

i 1 2 . CALL FRIL(USARTSFAIL );
2 END USARTSTEST;
(.-, te 1 END TESTEPROCSMODLE;

MARE INFOPMATIN

CODE APER SITE = 8140 323




V 4
4
- T “e (2 re - ’f‘
rd
VAPIRELE AREA SIZE = 090BH 11D .
MRXIMM STROK SIZE = 0004H ) '
138 LINES RERD ., i
8 PROGRAM ERROR(S) 8
: 1
END OF PL/M-88 COMPILATION i A
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LN RIS S B ORI A ST ey - N ]

ASKM9Y -F1:RAMTST. SRC DEBUG MACROFILE TITLE. ‘11 OCT 787)

IS1S-11 9988/8085 MACRO RSSEYBLER, V2 @

«»ii OCT 78
4
LoC 08 SEQ SOURCE STRTEMENT
: 1 NYE  RANIST
- - 2 STIN @
3 EXTRN  DONE
_ ¢ PUBLIC RANTST
r 5
b 6 CSEG
9000 01 7 RANTST: POP D
§ 8
L 9
10
991 0109FS 11 LXI B 6F906M
12
13
%004 210038 14 X1 W, 3000H
w67 FF 15L0P: YRR R
a8 77 16 MV MR
%99 7t 17 MY RN
R B7 18 R A
908 (21600 C 19 M RAFA
V00 2F 2 oM
N 77 2 MV A
w018 7% 2 MV AN
w1 3C Px; R A
W12 CHEG® C 24 e rAFAL
w815 23 P ™ W
16 03 2% m™ B
w17 78 2 MV AR
18 B? » ORR R
919C20700 C 29 M Lo
1€ 05 g PUISH D
§ WD €9 3 RET
WME D306 32 RAFAL: OUT 006N
P20 B1ESFD B IXI 8 65009
Wz 88 M4 LO0PR: DCX B
W24 08 E-] NOP
w25 78 3% MV AE
w6 87 7 ORR A
i 2308 ¢ 18 N LOoPA
- W2AC30088 E 39 P DOME
® (3]
‘«\ _ARLIC SYeLS
KANTST ( A099
{ 5 ERNAL SYMBOLS
ik F 0008
GMF SYMBOLS
fvef E @00 LOOP C 0907 LOOPR C 082.

OV:-S-EWLV COMLETE. NO ERROPS

RANTST  PRGE 1

;GET RETURN ADDRESS THAT MRS PUSHED
;BY THE CALL AND SAVE 1T IN NHE DME
;REG PAIR. 1T MILL BE WALID IF RAM
;1S OKAY, AND UNUSED OTHERMISE.

; INCREMENTING THIS VALUE AMD CHECKING
;FOR OVERFLON WILL INDICATE :$EN TEST
i IS FINISHED.

; START OF RAM

;STORE 88H AT LOCATION

; READ 98 FROM SAME LOCATION?

; SET FLAGS

; IF 80 NOT RERD BACX JUMP T(: FRILURE ROUTINE
; IF PASSES THEN ACCUMeFFH

; STORE FFH AT LOCATION
»READ FFH FROM SAME LOCATION?

i IF FFH READ BACK ACCUM=GR

5 1F FFH NOT RERD BACK WP TO FAIL ROUT
; ADDRESS NEXT MEMORY LOCATION

; CHECK FOR TEST COMPLETE

; PUT RETURN ADDRESS BACK ON STACK.

;FLRSH LED 1 TIME TO INDICATE RAM FRILURE
i DELAY APPROYIMATELY 4 SEC THEN JUP TO

DONE ROUTINE.  THIS IS DONE BECAUSE THE
+REST OF THE TESTS CANNOT BE RUN REL IABLY
;UNLESS THE RAN S WORKING PROPERLY.

’

’

RAFAL C O01E  FANTST C 0000




ASHOR -F1-ROMTST. SRC DEBUG MACROFILE TITLE(’18 JUi 79 <
‘ ISIS-11 9060/8885 MACRD ASSEMBLER V2 @ WONTST  PRGE 1 .
, 18 JIN 79
L 08J SEQ SOURCE STRATEMENT .
3 1 NRE  ROMTST |
' 2 STIN @ |
3 EXTRN  FAIL ’
‘ PUBLIC ROMTST
5
6 CSEG
7
3200 216000 8 RONTST: (X1 WO ; START OF PROGRA RON
w3 116000 9 LXI D, 60008H ;ST'RT OF TEST RM
duex 0ER 19100PA° W G2 ;2 FLASHES INDICHTES ROM FAILIRE
a8 TE 11 mv RN ; REvD PROGRAM RO
a9 47 12 MV BA i SHYE BVTE ;
won R 13 XONG ~ -
598 TE 1 v AN ;RED TEST ROM
aaC BR 15 oP B A8 Ty b
a0 CR1BG3 € 16 2 CON12 ;1F ROB THEN FRILURE HAS OCC RED < -
w18 FS 17 PUSH PM ¢
o1 CS 18 PUSH B . y
a2 b5 19 PUSH O t
‘ w3 €5 » PUSH H -
| wild (0008 € A CALL  FAIL o
= w7 Et 2 PP M \
, w18 D 23 PP D - #
& 19 C1 4 POP B
WH F1 Pl POP PN -
e 17 60N I D ;NEXT ROM LOCAT ONS L
i 2 24 w W
with MR » MV AD
wiE ER » XCHG !
watF FEL4 9 Pl 1MW ; 15 TEST COMPLE E? ~ -
wi r2ae08 3 N LowA
24 (v 27, 3 \
3 EN -
e JU SYMBOLS .
VOHTST ( 0000 A
£ EMIAL SYMBOLS
PMIL € 0960 }
LR SYMEOLS )
i C 0818 FAIL € 6068  LOOPA C @08¢  ROMTST C 0089 )
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